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CHAPTER 3

PLANE FRAME
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3.1 INTRODUCTION

The material presented in Chapters 1 and 2 of this
manual are a necessary prereguisite for a reasonable under-
standing of the material presented in this chapter.

STRUDL treats a plane frame structure as a system
of members lying in a plane rigidly connected at their ends.
The individual members must have an axis of symmetry in the
plane of the structure. The forces acting on the frame and
the displacements of the frame must be in the plane of the
structure. Couples acting on the frame have their moment
vectors normal to the plane of the frame.

The STRUDL algorithms consider both bending and
axial deformations in the analysis of frame members. STRUDL
also provides the user with the option to have shear deforma-
tions considered in the analysis. This will apply to members
with appreciable depth relative to their lengths. A brief
review of shearing deformations is presented in Chapter I.

Deviation from full fixity at the support -joints
may be obtained by specification of appropriate JOINT RELEASES
in the global system. Deviation from full fixity at the free
joints is obtained by releasing forces at the ends of the
members, using the MEMBER RELEASES command in the local
coordinate system.

STRUDL considers only members of constant cross
section or members made up of segments each of which has a
constant cross section. Curved members may be analyzed as a
series of straight members or they may be analyzed by inputting
the stiffness or flexibility matrix of the curved member
directly. An arch with a variable moment of inertia may be
modeled and analyzed as a series of members made up of con-
stant cross section segments.

The example problems presented in this chapter
illustrate how the STRUDL program may be used to assist the
designer in the analysis of the plane frame structures. The
problems presented here are not typical bridge structures,
but the principles involved and the STRUDL commands utilized
are typical of those encountered in analyzing bridge structures.

Problem 3.5 introduces some of the basic commands
used in the analysis ocf a plane frame structure.

Problem 3.6 illustrates how the structure described
in the first problem is changed and re-analyzed in a single
submittal. The structure is revised by making the diagonal
members flexible and intrecducing elastic restraints at the
supports.



The tapered column member in Procblem 3.7 is modeled
and described as a variable member made up of three segments.
For the first analysis the structure is modeled as a series
of slender members connected at the joints; i.e., the clear
span distance is taken as the distance between joints. A
second analysis is performed on the structure in which the
support widths are specified and the actual clear span is
used in the analysis.

To illustrate the present plotting capabilities a
printer plot of the structure, shear and moment diagrams and
an envelope are included in the output.

Problem 3.8 illustrates some of the temperature
loading capabilities available in STRUDL.

Problem 3.9 illustrates the use of STRUDL to obtain
influence coefficients by the Miller-Breslau principle.

3.2 Local Coordinate Svstem for Planar Structures

A local coordinate system is used to specify the
information associated with each member. The centroidal axis
taken along the length of the member is defined as the local X
axis. The local Y and lccal Z axes coincide with the principal
axes of the member as shown in Figure 3.2. The user should
orient the positive direction of these two axes to facilitate
loading and interpretation of results.

LOCAL X, Y AND Z AXES
Fig. 3.2

w
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Orientation of Local Coordinate Svstem (Beta Ancle)

For a plane frzme structure, Beta must be eitherx
zerc cr a multiple cf S0 degrees, and it is generally desir-
able that Beta be zero to avoid complications in problem
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coding. If Beta is not zero or a multiple of 90 degrees,
a space frame analysis must be used.

To illustrate the specifications of the individual
member orientations for planar structures, consider the two
members shown in Figure 3.3a.

Zog— |

SECTION A-A BETA = (Q°

Projection of y!
(:;zn Global Y

|
X

SECTICN B-B BETA = 90°

Fig. 3.3a

To locate the principal axes as indicated by the Y

~and Z axes in Sections A-A and B-B, we must first determine
the reference position ¥' (l.e., the BETA = 0 position) for
the cross sections. Following the procedure outlined in
Chapter I we construct a plane which contains the local X-axis
and is parallel to the global Y-axis. This will be the X-Y
plane for the members shown in the Figure 3.3a. Next pass a
plane through the members perpendicular to the local X axis
exposing the member cross sections as shown. The line defined
by the intersection of these two planes is the Y'-axis and its
positive direction is chosen such that its projection on the
Y global axis is in the positive ¥Y-glcbal direction. Having
established the location of the Y'-axis, the principal Y axis
is located by specifying the BETA angles for the member. The
positive direction of the BETA angle is established by apoly-
ing the right hand rule about the local X-axis. For the
member shown in Section A-A the Y' axis and the Y axis are
coincident. Thus, BETA is zero and need not be specified.

For the member shown in Section B-B, the principal Y axis is
oriented 90° to the Y' axis. The BETA angle is, therefore,
90° in the positive direction as shown by the local X axis
coming out of the paper.
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To further illustrate the orientation of the local
coordinate system, consider the members shown in Figure 3.3b
with their local X axes parallel to the global ¥ axis.

I — p—
c C D D SECTION C-C BETA = 0°
X )
| y
L X R
- .
z z“_—tl\ 8 = 270°
1
Yz‘
Fig.3.3b | ' SECTION D-D BETA = 270°

Reference position ¥' axis is located by orienting the local
Z2' axis parallel to the global Z axis and then using the
richt hand rule to locate the ¥' axis as shown for the two
cases ccnsidered in Sections C-C and D-D. The BETA angle is
measured from the ¥Y' axis to the ¥ axis of the member using
the right hand rule. For the first case shown in Section
C-C the Y axis is in the same direction as the Y' axis, thus,
BETA = 0°. For the second case shown in Section D-D, BETA =
270° measured in the positive direction with the local X
coming ocut of the paper.

3.4 Memkcer Loads and Sicn Conventions

The STRUDL commands for the individual member loads
were designed to provide the user with a2 versatile and flex-
ible means to describe all the possible loading conditions
that could be imposed on the individual members of a structure.
The various types of loading conditions may ke classified into
the form following general categories:

A. Physical Loads
. Thermal Loads

3
C. Distortion
D

. Boundary Conditiocns



These categories and their associated signs con-
ventions for plane frame members are described below.

A. Physical Loads

Physical member loads (i.e., moments and forces)
may be concentrated, uniform or linearly varying as shown in
Figure 3.4a.

y
1 | Force y
Moment z
i z
7 L % =X
2 S Force x [
CONCENTRATED LOADS
4 iy .
Moment z {£QISE Y .
AL /
; T 1 —_— 1 D—-X
2 S N Force x
UNIFORM LOADS
1Moment P: m Force y
Ve /
Vi [ [ A -—
7 { \\\ _— —— —7 X
4\\,_\\~ Force x [

LINEARLY VARYING LOADS
Fig. 3.4a

The loads shown above are all acting in the positive
direction, relative to their member axes. The uniform loads
and linearly varying loads may act over the entire length of
the member. The loads shown above are all acting in the pos-
itive directions of the local coordinate systems. The user
may also specify the direction of the load in the directien
of one of the glopal axes as shcwn in Figure 3.4b.

W
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1 T—W (projected)

- X

Fig 3.4b

POSITIVE MEMBER LOADS IN THE GLOBAL COCRDINATE SYSTEM

The intensities of member loads may be specified
in one of two ways as shown above. The locading intensity
dimensioned W (local) is specified as a function of the
actual member length. This tvpe of loading specification
is useful in describing the gravity loading and earthguake
effects. The second loading intensity dimensioned W (projected)
is described as a function of the projected lencth on the
clobal plane orthogonal to the direction of the load. This
tvce of loading specified is extremely useful in descrilking
wind loads and earth pressure. This lcading reguires an
additional command meclifier, Problem 3.7 illustrates the
use of this capability.

r
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B. Thermal Loads

Thermal loadings are specified in the local co-
ordinate system. Positive temperature change causing positive
distortion, relative to the indicated axes, with the start of
the member fixed as shown in Figure 3.4c below for loading

and axial temperature loadings.

ly y

-\ ‘
g 2 =T 0 e ) 4%,
Y/ e —— ] = X 7 }—

/ Tl 7
z Ty < Tp z
BENDING Z AXIAL X
Fig. 3 4C I

POSITIVE THERMAL LOADS IN THE LOCAL COORDINATE SYSTEM

C. Member Distortions

Member distortions (i.e., displacements and rotations)
may be consolidated or uniform as shown in Figure 3.4d.

Y .
| AX FSheaI Y /(
d |__[‘ { Bending =z
Disp x
. Ay X
z ' CONCENTRATED DISTORTIONS

t 54
Sh %
J‘ ﬁ % " Bending 2

Disp x ‘
> UNIFCRM DISTORTIGNS

B Fig. 3.4d
MEMBER DISTORTIONS IN THE. LOCAL CCORDINATE SYSTEM

3-8



The distortion shown above are all positive. The
uniform distortions may be applied to a portion of the member
as shown in the figure above or they may be applied to the
entire member. Positive distortion causes positive dis-
placements in the local coordinate system with the start of
the member held fixed as shown in the sketch above. Con-
centrated member distortions are useful in determining
influence line coefficients using the Miller-Breslau principle.
Problem 3.9 illustrates the use of this principle.

D. Boundary Conditions

The user may also describe his boundary condition
loads (i.e., forces and moments) at the ends of the member.
These member and loads are described in the local coordinate
system. The positive directions for the member end loads,
relative to the indicated axes, at the start and end of a
vlane frame member is shown in Figure 3.4e.

I
Moment z :
/, \Qoment Z
Axial x { yi —
Force x
TForce y Force y
V4

Fig. 3.4e

'MEMBER END LOADS IN THE LOCAL COORDINATE SYSTEM

This type of loading condition is used to input
fixed end forces and moments.

3.5 Rigid Diaconal Frame Problem

Consider the plane frame structure shown in Figure
3.5a subjected to the loading conditions given in Figures 3.5b
and 3.5c. The truss discussed in Chapter 2 is now analyzed
as a plane frame structure.
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Fig. 3.5a
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777/'%777' i
LOADING 1 LOADING 2
Fig. 3.5b Fig. 3.5¢c

The following commands describe the structure and
the loading conditions given. The TYPE PLANE FRAME command
given ON line 20 indicates to STRUDL that the frame, loads,
deformations, and rotations are in one plane. If the frame
is to be in either the X2 or ¥Z plane then the TYPE command
must state this fact; as an example, TYPE PLANE FRAME YZ.
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The 'UNIT' command informs STRUDL that different
units than the standard units are to be used in the problems
following the 'UNIT' command. Line 30 is an example of its
use. The 'UNIT' statement, if required, must be given prior
to the commands that it affects, i.e., if the joint coor-
dinates are to b2 describted in feet, the 'UNITS FEET' statement
must appear before the 'JOINT COORDINATES' command.
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Moment Z specified in the header command "JOINT
RELEASE", on Line 90 will be released for all joints in the
list after the command. This means moment Z will be released
for joints 3 and 4. Force X will be released for joint 4 onlv.
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STRUDL allows the user to insert comments in the
input dazta. The comments may be placed on the same line as
the ccmmand or the whole line may Ze used for comments by
placing a $ in Column 1. Comments placed on commané lines
must follow the command, and a $§ followed by a blank space
must grececde the comment.



When using a negative or positive sign to indicate
the sign of a value, no blanks must appear between the sign

and number.

_ . N L
LOADING COPMRINATION 2 COMBIME 1 .75 2 [.. | N
L/ NT PATA I L ] =
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All loading conditions, members and joints specified
prior to the STIFFNESS ANALYSIS command on line 320 will be

considered active during the analysis.

The user has the

ability to omit portions of a structure or loading conditions
which have been specified by using the INACTIVE command prior
The LOAD LIST command (required in STRUDL I),
in STRUDL II) as an alternative form for
specifying which loading conditions are to be considered
active in the analysis.

to the analysis.
is now used (i.e.,

Following is the computer output which includes a

print-out of the input commands, a print

of the STRUDL inter-

pretation of the input commands and the results reguested.
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TYPE PLANE FRAME
UNITS XIP FEET
JOIMT CCORDINATES
1 X Ce Y 6o
2 X 8. Y 6,
3 X Qe Y Ce SUPPCRT
4 X 84 Y 04 SUPPORT
JCINT RELEASE MOMENT
3
4 FCRCE X
MEMRER INCIDENCES
1 3 1 8 MEMBER 1 GOES FR(QM 5 TC0 1
212

S 3 4
61 4
UNITS INCHES
YEVBER PROPERTIES PRISMATIC
1 3 4x 2., IZ 1¢C.
2 5 AX 1. IZ 4Q.
4 6 AX le5 T1Z 80.

CGASTANT £ 3.000. ALL
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51

LCACING 1 *"INCLINED LCAD! 3 14A 40 0250
JCINT 1 LOAD FDORCE X 3. FORCE Y -4, $ 144 40 0260
JCINT 2 LOAD FORCE Y -10. $ 14A 40 0270

LCADING 2 "HORIZONTAL LOAC? $ 14A 40 0280
JCINT 1 LOAD FORCE Y -10. $ 14A 40 0290
JCINT 2 LOAD FORCE X =4, $ 14A 40 0360

LOADING CCMBINATICN 3 COMBINE 1 .75 2 1. $ 14A 40 0305

PRINT CATA . $ 14A 40 0310

BUIBISCES9PLIEIIRAETL0088083083UEIS8SER

*  PRORLEM OATA FROM [NTERNAL STORAGE

$2CEF ISV IITEIISESREVEASEVSCE ISRV RES S

JC® 10 - PR0A 3,5 JNB TITLE = RIGIN DIAGCNALS

ACTIVE UNITS = LENGTHE NETGHY ANGLE TEMPERATURE TInE

INCHK xip RAC DEGF b 314
sasesssess STRUCTUPAL DATA ®ssesussns

ACTIVE STRUCTURE TYPE = PLANE  FRAME .

ACTIVE CCCRDINATE AXES X V

JOINT CCCRCINATES 7 STATUS-==/

JCINT X A\ 7 CCNOITICN

1 0.0 72.000 0.C ACT IVE

2 9¢,000 72,000 0.C ACTIVE

3 0.0 0.0 0.C SUPPORT ACTIVE

4 96,000 0.0 c.C SUPPNRT ACTIVE

JCINT RELEASES JELASTIC SUPPCRT RELEASES--

JCINT  FCRCE MOMFNT  THETA 1 THFTA 2 THETA 3 KFX XFY XFl Krx KMy (124

3 I4 0.0 C.0 C.C 0.0 0.0 0.0 0.0 0.0 C.0

4 x 14 0.0 C.C C.0 0.0 0.0 0.0 0.0 0.0 0.0

.

PEPAER INCIDENCES /7 LENGTH / RELEASES / STATUS=~/

WEWRER  STARY ENC LOCAL COCROD. START END

FORCE MNMENT  FORCE MOMENT

1 3 1 72.000 ACTIVE

2 1 2 §6,0C0 ACTIVE

3 4 2 72,000 ACTIVE

4 3 2 12¢.000 ACTIVE

] 3 4 564000 ACTIVE

L) 1 4 120.000 ACTIVE

MEMRER PROPERTIES

MEMRER/SEG TYPE SEGel COMP AX/YD AY/20 AZ/YC tx/72¢C 1Y/€Y 12/7€2 Sy st

1 FRISPATIC 2.00C 0.0 0.0 0.0 0.0 10C. 000 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0
2 PRISMATIC 1.000 0.0 0.0 0.0 0.0 40,000 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
3 PRISMATIC 2,000 0.0 0.0 0.0 0.0 100.000 0.0 0.0
0.0 C.0 C.0 0.0 0.0 0.0
4 PRISVATIC 1.500 0.0 0.0 2.0 0.0 80.C00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
b PRISMATIC 1. 000 0.0 0.0 0.0 0.0 40.000 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
'Y PRISMATIC 1.50¢C C.0 .0.0 0.0 0.0 80.C00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
MEPRER CCNSTANTS
CONSTANT  STANDARO VALUE  DOMAIN, VALUE MEMBER LIST
€ 29999.996C94 ALL
G 0.0 ALL
DENSITY g.ColCcCO ALL
CTE 1.000000 ALL
BETA 0.0 ALL
PCISSCN 0.0 ALL
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ssesssssas QESINN DATA ssesssasss

USER CATA SET

PARAFETER CICTIONARY

/
NAME TREATRENT STANOARD L L A TEPP TIWE

STRUOL CATA SEY

PARAMETER GICTIONARY:

NAPE TREATMENT STANDAROD L L] A TEPP TIME
FYLC STANCARC 38.00 -2 1
[ 1] STANCARO 1.00

FBLTUP STANCAROD 1.00

ccce RECUINED

[3] STANCARD 1.00

X7 STANCARC 1.00

cs STANCARC 1.00

Ly COmPUTE COSTULEN

(94 CCwPUTE QOSTULSN

coy STANCARC .83

cr? STANCARC 0.85

UNLCF CCYPUTE QQSTULEN

VALUES STANCARC 1.00

TRACE STANCARC 1.00

PRICTA STANCARC t1.00

TaLAAP STANCARD STESLWE

PXTRIALS STANCAOQ 25.00

SECNCARY STANCIRC 1.00

USE® CATA SET

CCASTRAINT ODICTIONARY-—w———=oeowan—/
NAPE RETRIEVAL
STAUCL CATA SET

CONSTRAINT DICTIONMYe—mmcem e/

NAPE RETRIEVAL
ax TaeuLaR
aw TACULAR
134 TABULAR
~© TAGULAR
1Y TARULAR
124 TABULAR
sy TABULAR
s TaBULAR
Yo TABULAR
1c TABULAR
FLTX TAGULAR
LLALS TaguLaR
YO/AFL TABULAR
RY TABULAR
”? TABULAR
cere TABULAR
243 TACULAR
1c TABULAR
WEIGHT TASULAR

sssesssese LCACING DJATA eevssesssse

/

LOMCING - 1 INCLINED LCAO STATUS = ACTIVF
MEMBER ANG ELEWENT LOACS

MEWRER/ELEMENT

JOINT LOACS: G

JCINT STEP FORCE X Y l MOMENT X \ b4

1 3.C00 -4.CC0 Q.0 0.0 0.0 C.0

2 0.C -1C€.000 0.0 0.0 0.0 C.0

JOINT OTSPLACSMENTS /

JCINT STEP CIsPe X \d 4 ROT. X A 4

JCINT FCRCE ASSUMPTIONS

JOINTY THETA L 2 3 FORCE X v b4 MOMENT X Y 7
NO ASSUMPTIONS GIVEN FOR THIS LOANING

YEVAER FARCE ASSUMPTICNS / ’

wEwacl COMPONENT CISTANCE VALLS CCMOCKNENT OtSTANCE VALUE

NO ASSUMPTIONS GIVEN FOR THIS LCAOING
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LOAQING - 2 MORTZONTAL LCAD - STATUS - ACTIVE
MEMBER ANC FLEMENT LOACS

MEFEER/ELEMENT

JOINT LOACS 4 4

JCINT STEP FORCE X Y 2 MOMENT X Y 4

1 0.C -10.000 C.0 0.0 0.0 C.0

2 -4,C00 C.0 C.0 0.0 0.0 C.0

JOINT DISPLACEMENTS ’ 7

JOINT STEP 0ISPe X Y 2 R0Te X 4 4

JOINT FCRCE ASSUMPTINNS

JCINT THETA 1 2 3 FCRCE X Y 14 MOMENT X Y

NC ASSUMPTIONS GIVEN FOR THIS LOADING

MEPRER FCRCE ASSUMPTIONS 4 /

MEWRER COMPONENT CISTANCE VALUE CCMPONENT DISTANCE VALUE

NO ASSUMPTIONS GIVEN FOR THIS LOAQING

LCACING - 3 STATUS - ACTIVF
CCMBINATION GIVEN - 1 C.75¢C 2 1.000

ISR SRR RS AR LR SRR 22 2 2 1}

® END CF DATA FROM INTERNAL STCRAGE »

SIS I SLV AV CHIEIRABR DI IS NESETIEL SNSRI N

STIFFNESS ANALYSIS $ 144 ko 0320

LIST FORCES DISPLACEMENTS REACTIONS $ 1ka ko 0360



2980882089800 e980800¢sIINED

SRESULTS OF LATEST ANALYSESS
9224028582090 4400380SNIURIS

PROSLEN = PRNS 2,5 TITLE - RIGID DIAGCNALS

ACTIVE UNITS INCH xIP
ACTIVE STRUCTURE TYPE PLANE

ACTIVE COCRCINATE AXES X Y

Qa0 CEGF SEC

ERANE

LCADING = 1 INCLINED LCAOD
PEMBER FCRCES
MEVQER JAINT 7 FORCE 124 uOMENT Vi
AXTAL SHEM ¥ SHEAMR 2 TORSICNAL BENCING ¥ AENDING 7
1 3 2028244658 C.2740173% 8.7123232
1 1 =24282444S «0.274017% 11.01695%54
2 1 C.6537026 ~CaC3C5542 ~1.,8828459
2 2 ~Ce6537026 Ce013C35542 =1.0%03569
3 L) 1Ce 4334472 CeCS543936 7.7612333
3 2 ~1C.4374478 =C.C543936 ~0,9648942
4 ] =Ceb8891842 Ce.Cl32691 =0e 4229558
4 2 Ce 6891342 ~0.C132691 20152512
S 3 -2.1666727 -0.129%522 -8.2893658
H 4 2.1668727 0. 1269522 -4,1476517
) 1 2.47CC22¢C -0.1062307 -9.134108%
6 LY ~2.670022¢C C.10623C7 -3.6139826
RESULTANT JOINT LOAOS - SUPPORTS
JOINT FNRCE 7/ MAMENT
X ECRCE ¥ FORCE 1 FCRCE X MCMENT Y MOMENT 7 NCwENT
2 =24999999C 1. 74994990 0.0000011
4 -C.CCO000C 1202499952 9.0000000
AESULTANT JOINT OISPLACEWENTS - SUPPCRTS
JOINT frmmememe e ee=(Q [ SPLACENMENT. /7 ANTATION /
X 01sP, Y C15P. T ClISP. X RCT, Y anT, 7 /T,
3 C.0 C.C -C.C001657
4 C.0069334 g.C -Q.C000001
RESULTANT JCINT OTSPULACEVENTS - FREE JCINTS
JOINT femmmmcncommaemeea Q] SPLICEMENT 177 ANTATION /7
X 01SP. Y CISP. ? CIsP. X 20T, Y ’FT, 7 RPT,
1 Ce0Q137792 -Cl.C0271389 -N.J001381
2 0.0116874 -0.012%5201 «0.0001048
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LCACING - 2 HCRIZONTAL LOAC
WEMBER FORCES
MEMBER JOINT /: FCRCE 177 MOMENT ’
AXTAL SHEAR ¥ SHEAR I TARSINNAL RENDING ¥ RENDING 2
1 2 1C.3370182 ~0.2456076 -12,3027210
1 1 -1C.3870C182 0.24560Q76 ~5.3810225
2 1 Ce 8534542 0.,0287392 1.569883C8
2 2 ~Ce 86536542 -0.0287392 1.1001310
3 4 ~2.4569788 -0.2456076 -10. 4403856
3 2 244565788 0.2456C76 -T7.2433586
4 3 309375342 0.0821497 3. 7147369
4 2 =3.9375343 ~CeCE21497 61432257
S 3 Ce 6536545 Cal1847362 8.5079831
s 4 ~Ce8536545 -0.1867362 9.1466904
L} 1 =Ca5414079 G, 0417991 3. 7221928
[} 4 G.5414C79 -0.0417991 102936974
RESULTANT JOINT LCAOS - SUPPCRTS
JOINT / FCRCE 124 MOMENT
X FORCE Y FGRCE 1 FORCE X MOMENT Y MORENT T POMENT
3 3.999999¢C 12.9999943 0.0000006
L3 -C.CCoco0C -2.5559990 0.0000000
RESULTANT JOINT DISPLACEMENTS - SUPPCRTS
JOINT —emmmmememaeeee=D1 SPLACEMENT 7 ROTATION: ’
X D1SP. Y CIsP. 7 CisP. X ROT, Y RQT, T ’nT,
3 C.0 0.0 G.0Q001071
4 -C.0020917 .0 0.0001294
RESULTANT JCINT CISPLACEMEXTS ~ FREE JCINTS
JOINT Jmmmmmemmemeeeeeee D SPLACEMENT 24 ROTATION /
X DISP. v CIsP. T 0IsP. X RQT, Y RCT. 7 RrROT,
1 ~0.0132647 =0.C124644 6.0001501
2 -Q0.0153364 0. CC29484 0.0001678
LCACING - 3
MEMEER FORCES
MEWEER JOINT 7 FURCE 7/ MOMFNT ’
AXTAL SHEAR ¥ SHEAR I TORSTIONAL RENCING ¥ RENOING 7
1 k] 12.0988%03 =0eCACCTIAS -5.76£4753
1 1 -12.,0888503 0. 04C0944 2.8816910
2 1 1.1439304 0.0C58235 0.2666965
2 2 ~1.1439304 -0.0058235 003123634
3 4 23621048 -0. 1748124 -4.6194639
3 2 -5.3621049 0.1748124 =T.9670267
L} 3 3.4206457 0.0921015 3.3975201
4 2 ~3.42C6457 -C.C921015% Ta 6546631
S 3 -C.9713500 0.C875720 2. 3709602
S 4 C.971350¢C -0.C2875720 6.0359448
6 1 le4611082 ~0.01378740 -3.1283875
6 L} -1le4611082 0.0378740 ~le4164886
RESULTANT JOINT LOADS - SUPPCRTS
JOINT / FORCE 144 MOMENT
X FORCE Y FCRCE 1 FCRCE X WOMENT Y MOuENT 7 MCMENT
3 1. 7499990 14.31249CS 0.0000007
4 -C.0c0000C 6.1874952 0.0000000
RESULTANT JOINT DISPLACEMENTS - SUPPQRTS
JOINT ADats ———————— -—=-01SPLACEMENT /7 ANTATICON -/
X 018”2, Y CIsP. 7 cIseP. X R0T, Y 07T, 7 ROT,
3 C.0 3.0 -0.0000173
4 G.0031083 0.C 0.0001293
RESULTANT JOINT CISPLACEMENTS - FREE JCINTS
JOINT Jommmmm e mamaeaeae D[ SPLACEMENT 7/ ROTATION ’
X DISP, Y CisP, 7 ClsP. X PCT. Y RCT,. z anT,
1 -C-0C29102 ~C. 0145186 0.0C0C245
2 -C.0C657CS =0.0064417 0.0000892
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Discussion

Changing the structure from a truss, presented in
Chapter 2, to a plane frame requires the acddition of the
moment of inertia of the members. The minimum section prop-
erties required for the stiffness analysis of a plane frame
structure are AX and IZ (or IY).

Note, that if it were desirable to analyze the
structure, the one submittal, first as a truss and then as
a framed structure, the structure can be coded as a truss
and then using the 'CHANGES' command, the structure can be
changed to a plane frame structure.

Shown in Figure 3.5d4 is a free body diagram of the
frame for LOADING COMBINATION 3. The orientation of each of
the local member axes is also shown. The free body diagram
of joint 3 is shown in Figure 3.5e. The joint reactions
shown are in the global coordinate system and the member end
forces in the local coordinate system.
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NOTE: Member results are given
in Local Coordinate System

FREE BODY DIAGRAMS AND LCCAL CCORDINATE SYSTEMS
Results of Loading Combination No. 3
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JOINT 3 FORCES LOADING CCMBINATION 3
Fig. 3.5e

Check Joint 3 Forces;

1) gV = 0;
Member D) V = = -12.099
Member (4) V = 8/10 (-.092) +.6/10 (-3.420) = - 2.136
Member @ V= = - .088
Resultant Joint 3 Y Load = +14.312
2)LH = 0 Ly =- oo
Memter ) H = - .040
Member (@) H = 6/10 (.092) + 8/10 (-3.420) = - 2.681
Member (B) H = =+ .971
Resultant Joint 3 X Load =+ 1.750
ZH = .000
3)gM = 0
Member (O M = = + 5.758
Member (@) M = = - 3.398
Member (3 M = = - 2.371
Resultant Joint 3 M = 0
M = - .00L
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3.6 Problem Modification Flexible Diagonals and Elastic Suppvorts

1 @) 2

X ®

Fig. 3.6a

Let us consider additional changes in the structure
given in Problem 3.5. Assume the diagonal bracing members are
pin-connected at both ends and that the sumports at joints 3
and 4 are restrained elastically as shown.

To make these changes and re-analyze the structure
in the same submittal, we use the following commands:

STATE OF CALIFORNIA -~ BUSINESS AND TRANSPORTATION AGENCY « OEPANTIMENT OF PUSLIC #ORKS =~ DIVISION OF ADMINISTRATIVE SERVICES

v

COMPUTER  '“SYSTEMS T _AJORESS grew
bl b DisT. caour:

ICES

184 u T en 707 *7]

L7 6/

SuesSYSTEM P17 i _seumct T “owamer _ _i  EAPTNOITURE SPECIAL DESIGNATION 2
i h . -y F] seovence
NAME ‘v BisT. unn‘ B1ST.  UMIT . AUTHORIZATION wHEN APPUICABLE
| H ) ! . ':~. » . bt X
. R R { | s | : 1 s LR

1 2 3 4 3.6 7 & 910011 1213141311617 1819 :e 2122 23 24 2912827 28 29 30131 3, u u Sa3s 3837 38 39 40,47 42 63 44 43 44 47 €8 49 30731 34 33 34 35 36 27 38 39 60 41 47 03

{73747

CHANGE TD. ' PROB 3.6 ﬂﬂ[MZAG@YAASJNA_LASILC sxpcﬂezs
%_{Sé_mzms_smm Np A//V/FA/J’Z
Oh

UG AT 5 RELEASES o 7 | . T T

ZTAT A BELEASES FCRCE X | . | ' N

- Lo —

JOINT RELEASES | - S S g
EN7ZIN% 0 A N Y N |

e p——— S P,

JkFX 375 .ot T .-_;M-,_ e

DEINT STRUCTIEAL DATA & L
STLAFYIESS. ANALL L N , ,

deea R o e SRR

O L._.“___.i_. . i i
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Note that the CHANGE ID 'PRCB. 3.6' 'FLEXIBLE
DIAGONALS' does noct constitute a 'CHANGES' mcde command and
the prcolem is still in the 'ADDITICNS' mode. Therefore,
the 'ADDITIONS' ccmmand was not necessary when calling for
the member release, (An addition to the original problem).

The support at jecint 3 is now elastically restrained
from rotating about the global Z-axis and the roller support
at joint 4 is now elastically restrained from displacing in
the global X direction. The previously specified joint re-
leases in these directions must be deleted, since an elastic
support direction cannot correspond to a release direction.
Note that joint 4 is still free to rotate. The joint releases
are celeted using the commands on lines 0620 to 0633. The
elastic stiffness coefficients are specified using the 'JOINT
RELEASES' command.

The 'PRINT STRUCTURAL' command is issued to permit
verification of the modified structure.

For this example Prob. 3.5 and 3.6 were processed
in the same submittal. If it were desirable to process
Prob. 3.6 at a future date, Prob. 3.5 would be saved and
restoreéd when Prob. 3.6 was processed. The "SAVE" and then
"RESTORE" commands are discussed in Chapter IV.

Following is the output for Prcb. 2.6.

-~
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CHANGE ID 'PROB 3,5' 'FLEXIBLE DIAGONALS AND ELASTIC SUPPORTS!' $ 14T 61 [af-Yakes
MEMRER 4 6 RELEASF STAT MOMENT Z ENMD MOMENT 2 $ 14T b1 J6Le
DELFTIONS $ 14T 61.  Nk2)
JOINT 3 RELFASES MOMENT 2 $ 14T 61 637
JOINT & RELEASES FJRCE X 14T 51 n633
ADDITIONS $ 14T 51 re6)
JOINT RELEASES S 147 61 1653
Y]
3 KMZ 167.£3 147 61 ALY-D]
4 KFX 375, 14T 61 670
PRINT STRUCTURAL DATA 14T 61 neoc
l.I..“..“‘-.‘.‘.‘...!'.'..'.‘.“."...
& PRODLEM DATA FINu [NTERMAL STNRAGE =
SEACES SRS ASE SIS LRSS S IESETSa AN SRS
JoB 1N - PeOR 3.6. JOR TITLE - FLEXIALF NIAGNNALS AMN ELASTIC SUPPNRTS
ACTIVE UNITS - LENGTH WEIGHT ANGLE TEMPFRATURE TIvF
INCH Kip RAD DEGF SEC
- L T
ssssavsssn STRUCTURAL DATA ssvessssse
ACTIVF STRUCTURE TYPF — PLANC FRaMs
ACTIVE CANRNDINATE AXES Y Y
JNINT CON2NINATFSemmeemmem——— ===/ STATYS===/
JOINT X .Y 4 CANDITIION
1 2.° T2.00) 0.0 ACTIVE
2 4,700 72.M0 .0 ACTIVE
3 .0 Dl J.0 suyePne T ACTIVF
& Y L0 Ce [ V) sypene T ACTIVE
JOINT RFLEASES-~=—=~c====- JELASTIC SUPPNRY RELEASFS==== - ’
JOINT  FORGCF  “OMENT THFTA 1 THFTA 2 THETA 3 KFYX KEY Fl KX ny X7
3 ) C.r N c.0 d.0 0.) 0.0 0.0 Q.0 146999,937
& 2 Yo 0 C.n n.n 375.nCH 0.5 J.0 N.n 9.0 c.0
MFMRFR [MCINFNCES~e~mom=c—= / LENGTH==we== / SFLFASFS /7 STATHS=~=/
MEMREPR START END LOCAL CNIRN, START FND
FARCF MNMEMT  FORCE MOMENT

1 3 1 72.000 ACTIVF
2 1 2 96.0N0 ACTIVF
3 Y 2 72.C00 ACTIVE
L 3 2 12¢.cc0 14 Z - ACTIVE
5 3 4 96, 0CN ACTIVE
6 1 4 120.060 4 14 ACTIVE
MEMAED POIPERTIES~ocmmmmm= - ———— /
MEVRFR/SEG TYPF SEG.L CIMP  AX/YD AY/ 20 AZ/YC 1xs1c IY/EY 12/7€2 SY S7
1 PRISMAT(C 2.900 2.C 20 a0 b 190,000 rf.2 C."

0.0 %.¢ D.0 0N NN n,o
2 PRISMATIC 1.000 Q.C 1.9 UGN G.C &4n,nnn c.n N.0

0.2 0.0 N0 n.n N9 e.n
3 PRISMATIZ 2500 N.0 JeN n.n ¢.C 1nn 000 0.0 n.n

C.C 0.0 L] 5,0 n,n n.0n
IS PRISMATIC 1.509 2.0 QN C.C 0.0 an,n0n n.o C.0

n.0 D.0 .0 n.n Nl NN
5 PRISMATIC 1.000 2.C .M Y0 Q.0 &n,009 ~a.0 2.9

n.0 N0 et 0.C q.0 0.0
6 oR{sMariC le50N Q.¢C N0 0.9 n.C 40.000 0.0 f.0

9." n.cC J.0 N J.C 0.0

w
[}
N
e



MEMREY CONSTANTS /

CONSTANT STANDARN VALUF  DOMALIN, VALUE MEMAE? LIST
€ 2999.99409¢ aLL
[ 2.0 ALL
DENSITY g.0n0100C ALl
CTE 1.8021) ALL .
BETA n.0 ALL
oQISSON 2.0 aLL
A eSS S EESSEEESUUT NN PSSP ASEERESUET S
@« ENO IF DATA FRNM  [MNTERNAL STNPLRE »
CESESU SN2 CEESCSEECTEENUSESINSSEUNL SETERS
STIFFNESS AMALYSIS ¢ 14T A 16Q°
LIST FORCES NISPLACEUZNTS RFEACTINNS ¢ 147 A1 a750
FRERA ST TRYRR LIRSS R R 2L )
SeESULTS OF LATFST ANALYSESe
s suessvssssasaesessnEstase
PROALEM - 99N8 3,5 TITLE = FLEYIBLE OTAGNNALS ANO FLASTIC SuppPnars
ACTIVE UNITS [INCH KIP RAD DNEGF SEC
ACTIVE STRUCTURE TYPEF PLANE FRAME
ACTIVE COURNINATE AXES X Vv
LNADING = 1 INCLIMED L0AD
MEMAFR FORCFS
wEVRER JNINT ’ FORCE S ) ~—== MOWENT ’
axgat SHEAR ¥ SHEAR 2 TORSTONAL AENNTING ¥ SENDING 2
1 3 2.15%73%0 0.2602751 14.4130046
1 1 -2,1557553 -0.26M2751 4.1268120
2 t N.36478% 4 ~0.0h306A4 ~4,1268120
2 2 ~2e V846796 DGR UL TS =1.9256439
3 3 1602874913 0.09219%9 4, T124567
) 2 -12.2674913 -0.09219%0 1.9264419
s 3 ~04s36NT76A% 0.900000N0 n.N000009
[y 2 0.36N7693 =J.00C700C N, NAONONN
5 ) ~lel216199 =N,0970446% XIS LALIS )
S . lel2l 610 0.097N46S —ho 7124947
) 1 2.969662) -, NN0JCC n,0"0rNN0
L] - «2.3636423 Q.0n00000 -0.N"9003009
-
IESULTANT JOINT LOADS = SuPeNaTS
ININT FNRCE 77 unweENT
X FAPCF ¥ FORCE ¢ FIRCE X MOMENT Y MOWENT I MAMENT
3 “1.4542940 1.95462614 1A, NNa|9e4
& ~1.3457041 121657329 N, 00MNN00
FCSULTANT JNINT DISPLACE#FNTS - SUPOORTS
J0INT )emmeem e e cmemae=) | SPLACEMENT 77 ANTATINN ——-/
X JtsP. vy DISP, 2 NIsp, X T, Yy anr, r anT.,
] L] Cen -A,1000%99
. Vel0 35388 A0 -N.000n643
IESULTANT JJIINT OISPLACEMENTS =~ SREET JOINTS
JnMr Jmmmrmm cmmamcmane=)[ SPLACEMENT 123 anTaTinN Pep—
T NS>, Y NS, 7 NIsSe, Y a7, v oQT, ? 20T,
It UeN11S410 -1 ,CN2586° =n,0001489%
2 ~e 103766 -2.0123210 -0,A"QNaT?
=
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LAADING - 2 HOF [ZANTAL LNAD

MEMRER  FOPCES

MEVAFR JOINT Joe—— FNRCE 124 MNMFMY
AXTAL SHEAR Y SHFAR TORSIONAL SFNDING ¥ RENDING Z
1 3 1064649347 =3.2717585 ~15.,0854187
1 1 ~10.4648347 N,2T1758S ~3.4811849
2 1 0.77C9983 V.0704089 3. 4211949
2 2 «0.7709953 =0,0724089 3.2780 M 4
3 - =2.371269%% -N.1625237 ~8,46234355
3 2 2.3TN25R% C.1625237 -3.278071%
4 3 3.8331303 0.000C00C 0.C2000%0
L3 2 -3.,9331CH% =0.020200¢C LIOLLLTYY)
s 3 fJ3Caatee 0.1542998 643891401
S L3 -0,.,302480C2 =N.1542994 f,4234358
5 1 =0.H2600458 -G.00n0N0C N.0NAONNY
£y I P h24N458 d.NJ0Q0N0G =0.190N009
RFESULTAMT JOINT LNADS - SUPPNRTS
JNINT FNRCE 1’ UNMFNT
X FOPCE Y FNRCE 2 FIRCE X MOMENT v MOMENTY T MOMFNT
Rl 3.63903099 12.89899%44 -9,6962391
& C.36096C1 ~2.,8939944 =0,0n01000
QESULTANT JUINT DISPLACEMENTS - SUPOI?TS
JOINT [mmm—m e ———e==DISPLACEMENT 12 ROTATION /
X 01sP, Y DUsSP. 7 D1IsP. X ROT. Y ROT, 1 ROT,
3 C.0 Ne 0 0.7119581
4 =00C09624 J.0 0.ANN1394
RESULTANT JOINT DISPLACEMENTS - FREE JOINTS
JOINT R ———-e=N]SPLACEMENT " PATATIM /’
X DISP. Y DISP. 1 nlsSP, X ROT, Y ROT, 1 rOT.
1 -0.0124431 -0.C125338 n.ro02603
? - ,2149102 0.nN20443 n.nno2e12
LOADING - 3
MEMRER FORCES
MEWPER  J0IuT Jmmm——— —————————- -~ FORCF 77 MOQUENT - ’
AXTAL SHEAP Y - . SHEAR 7 TORSINNAL BENDING Y RENNING I
1 3 12.3615512 =N,1765522 -%.125A709"
1 1 -12.7616512 277465522 =N.3R6NTTR
2 1 1.0665910 f.0231241 NLARAPTTIR
2 2 =1.744591C =G.f 231261 1.23138 335
3 & $.3103471 -~ ,"923744 -4 8002013
3 2 -5.330371 0.0933744 =1.433234%
s 3 3.5775394 DERAD LU (o 0,000Nn0C0
. 2 -3.577519% -7.2390000 n.nnnannA
S 3 -0 ,561:2651 TeNA1S1b64 2.9362803
s - h,8ar 2453 “N,NR15144 4 RRQ249]18
A 1 LeAN?45%4 =%.C027nCC LIGLTL LYY
6 & ~1l.60 24546 £ onnanrc =0, 0000000
SEZSULTANT J)MNT 1 NANS = SUPPIOTS
JOINT FORCF = ’/ MNuENT
X FUPCF Y FORCE 7 FORCE X MOMENT _Y MOMENT I MOWENT
3 2.319331 71 14.239490¢ -2,1R919%n
4 -F.hsa31a] 6.2102995 a,Mn00n00

RESUL TANT JIINT DISPLACEURNTS - SyPPnaTs

JNINT

o

s
a3

f.l217208

Y DISP.

AESUIH TANT JOLIMT NISPLACEMENTS = FRFF JNINTS

JninT

-

)=———

X N1se,

=C 1037851
~%.a"CT127R

=D ISPLACCHFHT == e

Y 1se,

=le D164 T4¢
=N CY81%A%

7 pIsn,

ATSPLAMENCNT mmmm e e mmmmmmmem [ fmmm

Y °QT.

Tz 297,

N.NG00131
n,Annnay 2

? nlse,
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3.7 Variakle Membher Properties Problem - Tavered Columns

The example problem in Figure 3.7a illustrates how
the STRUDL program mavy be used to analyze a structure with
variable member proverties. The two loading conditiocns im-
posed on the structure are shown in Figure 3.7b. The member
loads are considered in the first loading condition, and the
suppcrt displacements constitute the second loading condition.
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Initially, the structure is analyzed without regar
to the support width, i.e., the member is modeled as a line
element extending to the joint centers. A second analysis i
performed for the first loading condition with the member en
joint size considered. For this particular problem the line
approximation yields results comparable to the results which
include the column width in calculating the stiffness of the
member. The member end results are summarized in Table 3.7a
following the output results. For structures with larger
support width relative to their span lengths the results of
the second type of analysis will be more appreciable.

d

s
d

STRUDL's graphical output facilities provide a use-

ful tool to verify input data and also to visualize the forc
and moments resisted by individual members. 1In this problem
the.-command needed to obtain a printer plot of the gecmetry
of the structure and individual member force diagrams will
be illustrated. At the present time only printer plots are
available.

The structure is described using the joint and the
member numbering shown in Figure 3.7c.
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Fig. 3.7c

The following commands describe the structural
geometry and topolocy:

STATE OF CALIFORNIA ~ BUSINESS ANO TRANSPORTATION AGENCY - DEPANTMENT OF PUBLIC WORKS - DIVISION OF AOMINISTRATIVE SERVICES

COMPUTER  '”SYSTEMS

b1 ‘b o1sT.cRous

—
AUORESS ‘aATCAl

™ 33 —
ICzS AsH/77 ¢
ae 5304 67 Ke S5 T 7z
e Pt by gt e o s | vt b} s
STRUDL NPROA 3.7 " ' TAPERED LOLUMY L . oot
1 2 3 4 3i4 7 & 9 10/11 121914 13719 17 18 1020-212223 lll!‘i:;;liz'lﬂ 31 32 33 24 38 3. 37 38 !l 404‘ 421344‘1;“;-4111 49 3031 32 33 SASO 5'!7 SI 'Ie ll L2] C!’ 7:74)1;‘;
JZQJLML%; fRoLue P ,,i o | P!
- : . ‘ :
UNITS FESD DECREES '\ oLl
"fm LIERD rm*r” f CTT i
0. /2. L SN B b T ’ e
_.___;_.UZ_ _;éﬂ_*_._‘.___._._.- (R ;_._LJ_ SO SR R S .r. .
IS AV 2 P 'L/zﬂvéﬁf e ._nm_m.!u&,__;d“_~.“ﬂm-_wg R
] ﬁ E | | '
ZA.(.E:' —_— :  —— L % uv__.-..__n_.-.’,..._......;
A qupﬂor - C b b ! i :
L L SIS U SR
i H i . {
_a ,zA r~,_.2__ &PP.O:?_/ e S N
| SR US R 0N l . N SR S S S T Y [P } [ S .I L P i .o i




When the coorédinates are not labeled, STRUDL will
assume that they are in the order of X, ¥ and Z. Note that
no value was given for the Y coordinate of joints 3 and 5
so STRUDL will assume that they are egual to zero.

T L N E { 3 ‘m—w—:
(CMELD YT DENCES . . 1T o iz
[/ | . H /20
3 . . 4 /20
12 2 4 q /47
K 9 4 [ . s

Y ! i P _H /.
T INTT R FASES L. | | 177
13 fZRes X WIAMENT. 2 THI L34, N , 1 IS S VT
(TRCE X WomieM T2 | 1. f H 17

! e b b 4 H.

Since the direction of the local Y-axis, of Member
2,is the same as the release direction and only one member
is incident on joint 3 a member release can be specified
instead of a joint release. The advantage in doing this is
that the coding is simplified.

For example:
Instead of: JOINT RELEASE
3 FORCE X MOMENT Z TH1 135.
Use: MEMBER RELEASE
2 START FORCE Y MOMENT Z.
The disaévantage is that the reported joint displacements
will not reflect the displacement of the joint. Note that
when the member release command was used the TH1l angle was
not specified.
The variable member is modeled with three equal

secments as shcwn in Figure 3.7d. The commands describing
the variakle section are shown on lines 0230 to 0250.
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MODEL OF COLUMN MEMBER
Fig. 3.7d

’

i l . ! | i ! N D D
MEMZER PROPERTT PN SN SSONSIY BRNR IO IS BN S

_J_J_JL_BQIUAIAHJX_W _Z.i_JZ 1.9% . : | .21
‘G_._’g‘@?fsmr‘ﬂ_a_.@' = Jua | ! i 22
| D VARTABLE 5 ‘ N | L e 2!

............ B R i e me: - -t ee
] Seo /A, 2.22 17 .40 L 5.657 .. .. T T
L SEG A AX Z./e TZ. gL slsz |1 1 T TR
! ___LS,&Q_LAA_4L3Q_JZ_/ SO L BLA7 i ?
CAT T WIPSL TACHES . . e — DI

LA/&LAM:SL_AQOQ__ALL ' L SN SRR VNS SN ST, - i

UNLIS FAET . | B DU SO U DR R ’i .
voaea ik o | I SVRUEUETEE SRS IS AUV SR SN I

The loads shown in Figure 3.7b are described in
LOADING 1 and the support settlement in LOADING 2. Since the
direction of the loads must be parallel to the local or glckal
axes the concentrated load on member 3 is resolved into com-
ponents parallel to the local X and Y axes as shown in Figure
3.7e.
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The uniform loading cn member 2, the inclined

member, may be svecified in one of three ways as illustrated
in Figure 3.7%£. For all three cases the local cocordinate
system is used to descrile the distances along the member

to the suar“*ng point and ending point of the unifcrm load.
The loadinc given extends over the entire lencth cf the
memdber, thus these distances are omitted
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’Y Global

W=100*"F=

.

\ g -
X Global

CASE i CASE ii - : CASE iii

MEMBER 2
Fig.3.7f

The direction of the load is parallel to the global
X axis and may be specified as acting in the direction of
X-GLOBAL for case i and case ii.

The loading intensity can be described as a function
of the length of the member, as it is for case ii; or it may
be described as a function of the projected length of the
member on a plane perpendicular to the direction of the load-
ing as it is in case 1i.

The STRUDL command for case i which is used in our
example is:

FORCE X GLOBAL PROJECTED UNIFORM W 1.0

This form of the command is useful in applying wind loadings
to a structure.

The load intensity may also be described as a
function of the length of the member as is case ii. The
STRUDL ccmmand for case ii is:

FORCE X GLOBAL UNIFORM W .707

Note that the intensity has been reduced to correspond
to the length of the member. This form of the command is useful
in describing the dead load of a structure.

-3
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loading may also be resolved into components in
the direction of the local coordinate system. The components
being axial (i.e., in the direction of the positive local X
axis), and normal (i.e., in the negative direction of the
local Y axis) to the member. The STRUDL commands for this
case are:

-
el
o

o}

FORCE X UNIFORM W 0.50

FORCE Y UNIFORM W 0.50
3-32



The intensities now are the components of the load intensit
T Y

for case ii.

The following is the coding for the seconé lcading
condition - support settlement.

l i

i 1 |

Note that the joint dlsplacements must be given in

the global

The commands on lines 370 to 390 are sufficient to
verify the STRUDL commands previously given and pe

STRUDL analysis. The following computer output is the

coordinate system.

result of all commands given from line 1 to 390.

(93]
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STRUDL 'PRGB 3.7' °*TAPERED COLUMN® §

XX REBXEEIREEEXIREXEXERERENXRIEAXBSXS XA SRR RIS

ICES STRUDL II VERSICN 1 MCD 1
THFE STRUCTURAL CESIGN LANGUAGE
MASSACHUSETTS INSTITUTE OF TECHNOLCGY
STATE OF CALIFORNIA

SPECIAL STUDIES SECTIGN

PH. 445-6519

NCVEMBER 1969 INSTALLED APRIL 1970 °
17:19:15 6/11/70

* *
* *
* *
* *
* *
* BRICCE DEPARTMENT DIVISICON OF HWYS. *
* *
* *
* *
* *
* *

EXEASAEXXFRELEE XL EEERRFEARXKEEXXTAILEZL SRR

TYPE PLANE FRAME

UNITS FEET CEGREES

JOINT COQRCINATES
1 0. 12.

2 28. 12.

w

1&6. SUFPORT

58. 12,

w >

58. SUPFORT
6 T4, 12. SUPPQORT

MEMBER INCICENCES

w
N
»

n
>
o

JCINT RELEASES
3 FORCE X MCMENT Z TH1 125,
6 FCRCE X MOMENT 2
MENBER PROPERTIES
1 3 5 PRISMATIC AX 3.75 IZ 1.96
4 PRISMATIC AX 2.14 IZ .786
2 VARIABLE
SEG 1 AX 2.22 IZ .4C L 5.657
SEG 2 AX 3.18 1Z .82 L £.657
SEG 3 AX 4.2C IZ 1.50 L 5.€57
UNITS KIPS INCHES
CCNSTANTS € 30C0. ALL

UNITS FEET

14T
147
147
147
147
147
147
147
147
147
147
147
147
147
14T
147
14T
14T
147
147
147
147
147
147
14T
14T
147

14T

$ 14T 62

62

62

62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62

62

62
62
62
62
62
62

62

0001

0020
0030
0040
0050
0060
€070
0¢80
0090
0100
0110
0120
0120
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280

0290



LCACING 1 'ALL LCACS SHCWN! '$ 14T 62 0300
MENBER LQOAQS $ 147 62 0310
1 3 5 FARCE Y UNIFCRM W -2, $ 14T 62 0320
3 FCRCE X GLCBAL CONCEMTRATED P 12.C L 1C.C $§ HCR. CCMP, $ 14T 62 0320
3 FORCE Y GLOEAL CONCENTRATED P -16.C L 1C. $ VERT. CC¥P, $ 14T 62 0340
2 FORCE X GLOBAL PRC UNI W 1.C $ HOR. LCAD TAPERELC CCl. $ 147 62 0350
LCADCING 2 °*SETTLEMENT OF JT. S°* $ 14T 62 03s1
UNITS INCHES RACTANS $ 14T 62 0352
JCINT S5 DISPLACEMENT DISP X -o3 Y -.5 ROTATION Z .01 $ 147 62 0353
LCADING LIST ALL $ 147 62 01360
PRINT CATA $ 14T 62 0370
P098C00RCCE0008R000800088003C200800008000
® PAQRLEM CATA FAQM INTERNAL STORAGE
8900880880038 980003003 TC09900020009000®
JCs I3 - PROE 3.7 JO8 TITLE - TAPERED C3LUNN
ACTIVE UNITS = LENGTH WEIGHT ANGLE TEMPERATURE Tive
INCP (344 A0 BEGF SEC
sessensnee STRUCTURAL DATA ssseevsesse
ACTIVE STRLCTURE TYPE = PLANE FRANE
ACTIVE COGRCINATE AXES X v
JCINT COCRCINATES /  STATUS===/
JCINT X \ ] 4 CCNOITICH
l ¢.C 144,000 Q.0Q aCTIVE
? 23¢.0CC 144,000 c.C ACTIVE
3 152.€CC 0.C C.C SYPPCRT ACTIVE
“ és5e.CCC 144,000 c.C ACTIVE
s 8s8.CCC C.C Q.¢ tupeCRY ACTIVE
5 t8g.CCC 144,.C00 G.0 SUPPCRT ACTIVE
JCINT ASLEASES JELASTIC SUPPORT RELEASES
JCIAT FOBCE MOMENT THETA 1 THETA 2 THETA 3 KEX RFY 124 [$ 31 Yy Mz
3 X 4 2.3% C.C c.cC .0 0.0 c.C a.¢ f.z c.C
() b 4 b4 c.0 CaC C.C 2.3 Q.0 0.0 ¢.C 1.¢C 1.
MEWBER INCICENCES / LENGTH / RELEASES / STATYS==/
WEMBER START ENC LCCAL COQRD. STARY Ex0
FQRCE “wCMENT  FCRCE WCMENT
1 1 2 324.CCC ACTIVE
2 3 H 2C2.647 ACTLIVE
3 2 4 3leC. 000 ACTLIVE
3 H L) 144,.C00 ACTIVE
S 4 é 192.0¢C¢C ACTIVE
MENAER FRQPERTIES ’
MEMIER/SEG TYOE SEG.L  CCMP  ax/YQ AY/2C Az/ve (x/2¢ tysey /52 sy 13
1 PRISMATIC saC.0C2 9.° 3.9 9.9 9.0 40642,%79 Q.c L2
C.0 9.0 9.0 3.0 3.0 2.6
2 vemlaeLe
1 67,386 L 119.82¢C .0 3.0 G.0 9.0 324,292 c.C T
Q.0 .0 3.9 2.0 9.0 Tt
2 ev.884 L 467.52¢C Q.3 7.3 0.3 9.0 173€3.92% 1% 2.0
Co 3.0 3.3 g.a Qeq 7.C
1 67.884 L 416.27°9 C.C J.0 3.9 3.0 311C4.C0C N.0 e
a.3 C.0 2.0 Q9.0 2.3 T
b PRISMATIC 140.0CC Q.0 2.3 Q.2 2.3 40842.%29 2.7 c.C
0.3 0.0 2.0 6.0 9.9 9.C
o PRISMATIC 452.180 9. 9.3 0.3 9.3 16259,492 %.C L.
0.0 g.0 3.0 g.0 g.C C.C
s PRISHATIC s4c.0cC 0eC 3.9 9.0 9.9 40642,%79 8.cC e.r
- Q9.0 2.9 0.0 Q.3 N4
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MEMBER CONSTANTS

CCASTANT

3
G
OENSITY
CTE
CETA
PCISSON

USER DATA SET

PARAMETER CICTIONARY

NANE

STRUOL CATA SET

PARAMETER CICTIONARY

NAME

FYLD

cr?
UNLCF
VALUES
TRACE
PRIOTA
TELNANM
MXTRIALS
SECNOARY

USER DATA SET

CCNSTRAINT DICTIONARY————=

NAME

STRUDL O0ATA SET

CCNSTRAINT CICTIONARY=————am—anee/
RETRIEVAL

NANME

c )
WEIGHT

TA
TA

SULAR
BULAR

TABULAR
TASULAR

TA
1A
TA
TA
TA

BULAR
BULAR
BUL AR
BULAR
BULAR

TABULAR
TABULAR

TA
TA

BULAR
BULAR

TABULAR
TABULAR
TABULAR

TA
Ta
TA

BULAR
BULAR
BULAR

W

STANCARC VALUE DOMAIN, VALUE FPEPBER LIST
2995.9557%6 AL
¢.c ALL
c.ccaccec  ALL
l.cccece  ALL
c.c ALL
c.C ALL
sssssssssse CESIGN DAT. sssssssses
/
TREATMENT STANDARD A TErP TINE
’
TREATMENT STANDARD A TENP TINE
STANCARC 2666 -2
STANCARC 1.00
STANCARC 1.00
RECUIREC
STANCARC 1.00
STANCARD 1.00
STANCARC 1.00
COMPUTE QCSTULEN
COMPUTE QESTULEN
STANCARC 0.85
STANCARC 0.85
COMPUTE Q0STULEN
STANCARC 1.00
STANCARC 1.00
STANCARC 1.00
STANCART STEELWF
STANCARC 2%.0C
STANCIARC 1.00
-
RETRIEVAL
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sesavsssss LCAOING OATA svessesesse

LCICING - 1 ALL LCADS SHOwN STATUS = ACTIVE

MEMSER ANC ELEMENT LCACS ’

MEPESR/ELEPENT

1 UNIFCRN Lcac FORCE Y R | ] -C.l67 LA Q.0 Le 1.900

2 UNLECRN LOAD GL FCRCE x Fn ] 0.083 LA 0.0 (8.} 1.000

3 UNIFCRN L0a0 FCRCE v FR " -Q.167 LA 0.0 18-} 1.300

CCNCEN. LOAQ GL FQACE x L 12.000 L120.000
CONCEN. LCAD GL FQRCE v 14 -16.000 L120.000

s UNIFORN . LOAC FCRCE Y FR 1] -C.l67 LA 0.0 La 1.000

JOINT LOADS /

JCINT STEP FORCE X A 14 PCMENT X Y b4

JOINT CISPLACEMENTS / /

JCINT STEP  CISP. X v 2 RCT, X A l

JOUINT FORCE ASSUNMPTICNS

JCIAT THETSE 1 .2 3 FCRCE ¥ Y 14 HMCHENT 1 \] l

NQ ASSUMPTICNS GIVEN FGR TFIS LCACING

MEMEER FQRCE ASSUNPTICNS / /

MEBRER COMPONENT OISTANCE VALUE CCMPONENT OISTANCE vaLue

NG ASSUMPTICNS GIVEN #QR TrIS LCADING

LCACING = 2 SETTLEMENT OF JT, S STATUS = ACTIVE

MEMBER ANO ELEMENT LOACS I

MEMEER/ELENENT

JAINT LOACS /

JCINT STEP FCRCE X v 2 PCMENT X Y 2

JOINT OISPLACEMENTS 7

JAINT STEP cisP. x Y 4 aCT. X v b3

s -Cl.3CCCC -g.5C00C C.C . 0.0 g.Cc10n0

JOINT FQRCE ASSUMPTIONS

JCINT THETS L 2 3 FCRCE 2 \ 2 MCMENT X v ?

NQ ASSUMPTICNS GIVEN FOR THIS LOADING

MENBER FORCE ASSUPPTIONS / /

MENBER COMPCNENT DISTANCE AVALUE CCMPCNENT OISTANCE vaLue

NG ASSUMPTICNS GIVEN FC.. THIS LOAOING

0080082838009 9000S2080088388008088800

& ENO QGF CATA FROM INTERNAL STQRAGE ¢

SONSEEIE EUSNTENESOTEIC VTV ISVRSCROS R
STIFFNESS ANALYSIS $ 14T 62 0380
QUTPUT DECINAL 3 . $ 14T 62 0331
UNITS FEET $ 14T 62 0382
LIST FCRCES REACTICNS DUSPLACEMENTS $ 14T 82 0390

E3928823868399808 2083803 ESS

¢RESULTS OF LATEST ANALYSES®
80830V ILLCTENICTIUNSES

PRGELEM = PRQE 2.7 TITLE ~ TAPERED CCLUMN

ACTIVE UNITS FEET xXIP RAD JEGF SEC
ACTIVE STRUCTURE TYPE PLANE FRAME

ACTIVE COCRCINATE AXES X Y

w
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LCAOING - ] ALL LCADS SHONWN
MEMBER FORCES
MEME* R JCINT / FORCE 1/ MOMENT
AXTAL SHEAR ¥ SHEAR 7 TORSICNAL AENCING ¥ SENNING 2
1 1 -C.000 c.00¢ ’ —e.ene
2 0.000 $6.0QCC -184,0C9
« 2 16C.825 -0.000 . cohre
2 2 -165.21¢ 8,485 1762
3 2 12%.721 $7.72¢ 9848,2C2
3 L3 -137.721 18.279 -364,307
" s 9.312 137,721 sce. 194
4 4 =-§.212 -137.721 141,963
5 4 -8.000 -8.967 «399.474
S (] c.000 4C.967 -0,n0C
RESULTANT JOINT LOAOS - SUPPORTS
JCINT / FCRCE 44 UAMENT
X FORCE Y FCRCE 2 FQACE X MOMENT Y FPOMENT 1 wQMENT
3 113,721 113.72¢ e nen
5 -137.721 9.312 sCe. 186
6 €.0c0 4C.987 C<c.een
RESULTANT JCINT CISPLACEMENTS ~ SUPPORTS
JCINT foem e e e D | SPLACEPENT 1/ ROTAT [ON-— /
X D1sP. Y otse. 2 CISsP. X RQT. Y rOT. 1 RAT,
3 C.220 -C€.220 n.n12
s 0.0 0.9 Fo
] 0,076 ¢.0 e reo
RESULTANT JCINT CISPLACEMENTS - FREE JOINTS
JCINT Attt OUSPLACENMENT 17 2N TATION /
X DIsSP. Y DisP. 2 CtsP. X RQT, Y RQT. L 9T,
1 c.C78 -C.57% c.c2
2 C.CT2 -C.C81 c.Cl1
4 o, 04076 -C.00¢C -£.0C3
LCACING - 2 SETTLEMENT QOF JT. 5
MEMAER FCRCES
MEMAER JCINT / FORCE 17 MAweNT /
AXTAL SHEAR ¥ SHEAR 2 TORSIONAL BENDING ¥ RENDING 2
1 1 c.0cC0 -C.000 e ren
1 2 -C.C00 C€.000 -C.n00
2 H 2C. 29¢C -C.C00 c.ccn
2 2 -2C.39C c.ccc -C.CCC
b ) 2 14,418 14,418 c.nen
3 4 -14.4118 ~l4a.418 432,53
LY 5 ~3C. 82 14,412 RLR A L]
4 & 20,224 -l6,418 -l717. 0
H 4 €.C09 164406 -242.497
L] ¢ -C.CCC 18.4C6 -c.CcC
RESULTANT JCINT LCACS = SUPPORTS
JCINT / FCRCE 124 BOMENT
X FORCE ¥ FCRCE 1 FORCE X PCMENT Y WOMENT 7 WOMENT
2 14,418 14,418 c.”09
L -l4.413 -30C.824 143,044
[ -C.CCC t6.40C6 -c.0ct
RESULTENT JCINT CISPLACEMENTS = SUPPCRTS
JCINT Jmmmem—eee = mmm = O [ SPLACENENT /7" ROTATION
x 0tse. Y O1%P, z 91s7P, X RCT. Y RGCT, z ’0T.
2 -0.18% c.16% —euecr
s -C.C2¢ -C.C042 c.c1c
[ -0.CA4 c.0 f£.C03
AESULTANT JOINT CISPLACEMENTS ~ FREE JOIANTS
JCINT Jmmmmmmemmmemnmeee O] SPLACEMENT 144 RQTATION:
X NIsP. Y OISP.  o1se. X RQT, Y ROT. l any,
t -C.C%24 c.272 -C.c2?
2 «C.C84 C.084 -C.C?
4 -C.C84 -Q0.041 c.nC1

T



To obtain the analysis considering support widths,
the following coding is added. - :

! ! l ! L

T

! ' i , L

M=
4 4
1. (el

‘ I L L

. — L

MEMZER END JOLNT SITE | —
VA3 4.} ; | : /0@3
12 s7doT /.77 £xp 1.C . I W%
& srder 4.7 - H 430
GADALST ! | { H
STIEANESS IaMALYS IS, ; i L
LIST VF200ss BrdeTIZMS DISPLACEMENTS | . I 77

A

Cotem s L

Note that only load one will be considered in the
analysis and that another stiffness analysis is required to

make the results available.

The following computer output

is the result of the commands shown on lines 400 to 460.



MEVBER END JCINT SIZE $ 147 82 0400
1 ENC 1.77 $ 14T 62 0410
3 START 1.77 ENC 1.0 $ 147 62 0420
S START 1.0 $ 147 62 0430
.
LCAC LIST 1 $ 14T 62 0440
N
STIFFNESS ANALYSIS $ 14T 62 0450
LIST FCRCES REACTICNS DISPLACEMENTS $ 14T 62 0460
.
SO0 88S 963482083808 080888800 8
SRESULTS OF LATEST ANALYSESS
S80S 8858800980908 0808898s
PIOILEP - PROE 2,7 TITLE - TAPERED CCLUMN
ACTIVE UNITS FEET KIP RAO OEGF SEC
ACTIVE STRUCTURE TYPE PLANE FRAME
ACTIVE COCRCINATE AXES 3 Vv
LCACING - 1 ALL LOADS SHOWN
MEMBES FCRCES
MEMBER JCINT / FORCE 44 MOMENT -
AXTAL SHEAR ¥ SHEAR 2 TCRSICNAL MENDING ¥ SENNING 2
1 1 -0.0C0 c.00¢C e ren
1 2 0.000 56.0C0 ~-794,0C
2 2 16C. 558 -C.C00 c.con
2 2 -169.44) 8.48% -72.002
3 2 125.214 57.814 ess,cr2
3 4 -137.014 18,186 ~341.57%
4 ] 0,339 137.814 Qe 449
'3 4 ~-8,33§ -137.814 15%.123
5 4 -0.000 ~G.867 413,547
] [ c.000 al.847 -c.00n
RESULTANT JCINT LCADS - SUPPORTS
JCINT / FCRCE 17} MOMENT ’
X FORCE Y FORCE 1 FCRCE X MOMENT Y WCMENTY 1 YOAMENT
3 112,214 113.814 c.nce
H -137.814 8,339 g9, 45¢C
] g.C00 41,8467 -C.CC
RESULTANT JCIKT CISPLACEMENTS = SUPPCRTS
JCINT F e —————— DISPLACENENT 7 RO TAT [ANcmm e c e e e e /
X DISP. Y OISP. 1 ctseP. X RCT, Y RAT, 2 M7,
3 C.2C1 -0,201 f.n11
H c.0 C.0 a.n
6 C.CT4 0.0 n.ce2
RESULTANT JCINT CISPLACEMENTS -~ FREE JCINTS
JCINT fmmm——mmmm e mm e O] SPLACENENT === -1 - ROTAT[NM-mmmommm e acceman/
X 0lsSP. Y O1SP. z CisP. X RCT, Y AT, z anr,
1 C.C76 -0.490 f.C17
H 0.07¢ -0.C79 C.C1"
4 C.074 ~-C.00¢C -f.re3
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Table 3.7a - COMPARISON OF MEMBER END RESULTS

LCA0ING - )

PEMBEN  FCACES

NENBER JQINT /
1 1
2
< B
2 2
3 2
3 4
. S
4 4
s 4
L [}
LCIOING - 1t

MEMBER FQRCES

MEMSER

[ I e e N

JCINT l4

JOINT SIZE CONSIDERED

ALL LOADS SHONN

LR W R Y PRy

>
FORCE /7 NONENT ’
AXIAL SHEAR ¥ SHEAR 7 ToRSICNAL AENCING v SENDING 2
-C.000 c.00¢ -f.rhr
8.000 56.0¢CC -194,%09
16C. 228 -C.000 e.nne
-169.21C 8.48% 717,202
124,721 s$7.72¢ 8,002,
-137.721 18.279 -344,107
9.312 137.721 §Ce. 790
-9.212 -137.721 741,04y
-0.000 -8.987 «3199,474
C.QCC 4C. 307 PP
JOINT SIZE NOT CONSIDERED
ALL LOADS SMOWN
FORCE ’7 WOMENT camcemccecenccccnnan /
AX{AL SHEAR ¥ SHEAR 7 TCRSICNAL SENRTING v AENNING 2
-C.CCQ C.30¢C r.one
0.000 86.23C0 ERL T
16C,. 598 -C.000 c.cnr
~169.443 8,485 -73,700
129.816 57,814 154,002
-127.814 18,1436 ~41.57%
2.319 137,814 199e,249
-2,33§ ~137.214 7¢¢,123
-C.000 -5, 147 411,847
C.C00 4l.347 -L.nnA
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At the conclusicn of the analysis a plot of the
gecmetry of the structure is helpful, particularly in com-
plex structures with many members, in determining errors of
input. To obtain the geometry of a two dimensional structure,
use the command 'PLOT PLANE'. This command will provide a
scaled printer plot of the structure as described in the
previous STRUDL commands. The joints are labeled on the
plots and the member incidences are printed in a convenient
table near the plot. To rotate the plot 90° the command
'PLOT FORMAT ORIENTATION NON STANDARD' may be given.
Following this command another plot plane will verify that
the rotation has taken place. ©Notice that the plot has been
rescaled to fit the width of the paper.

To obtain member moment and shear diagrams the
'PLOT DIAGRAM' command is used. For example to obtain the
moment and shear diagrams for member 3 considering all load-
ing conditions, the following commands may be used.

LOAD LIST ALL
PLOT DIAGRAM FORCE Y MOMENT Z MEMBER 3

The first command instructs STRUDL tc make available
all of the loading conditions that have been described. The

second command asks for shear and moment diagrams for Member 3.

These commands will initiate the plotting of the diagrams in
the following order

Member 3 Force Y Loading 1
Member 3 Moment 2 Loading 1
Mermber 3 Force Y Loading 2
Member 3 Moment 2 Loading 2

Envelope curves for all loadings on Member 3 may be
obtained with the following command 'PLOT ENVELOPE FORCE Y
MOMENT Z MEMBER 3'. This command is sufficient to generate
envelope curves for moment, shear forces in Member 3.

The commands described may be expanded to include
all members that are of interest by listing the desired
members. Care must be exercised when coding plot commands
to insure that unwanted plots are not produced. For example,
a command, 'PLOT DIAGRAM ALL MEMBERS', for a space frame of
10 members combined with 10 separate loading would give 600
plots.

The following set of commands and computer output
illustrates the results that may be expected from the plotting
commands just described.

_ . e e s e e e

' - : . : ; : ; ki R

. P T e S -
+ - -

L/ DT ELANE ! ’ _--i U U

0/, ’LF/KMA?LQDMAAZ‘AJ‘JMLIA&N R R

oI S B N S ——
LOAD MIST Alde . .. I A LTI !

PLZ7 DAz Aﬁif7ﬁdf V;HZWEMT;Z/%EQ!’Q U S

P/,Q 7 ;,'/./A‘.A.Q[jf "Qic‘—_- -)’ Afé’/"."m___,_/ﬂf“’ AL .3- S SR SO

[PV S S UUPUIS SEPUUDUIY P S t
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PLOT PLANE

PLANE [DENTIFIEC EY = PLANE

IN PLANE JCINTS

JCINT

CMr W~

(N PLANE MEMBEARS

Z EQuALS
COCROINATES
Y
C.C 12.0CCC
2e.cC00 12.0CC¢C
1e.cccC c.C
s8.CCq0 12.c¢cc0
fe.ccce C.8
14.CC00 12.8¢cC0

MEMBER [NCICENCES

NEMAER

[V Y Y VR

STIRT
1

3
2
b
L]

ENC
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IN PLANE JCINTS

JAINT COCRO(NATES
v 4

1 c.0 12.0¢C0 Q.C

2 de.0CCQ 12.0¢C8 C.C

3 1e.CCCC Q.C G.¢

) se.ccco 12.CCCC c.¢

b f€.CCCO .C ¢.0

. 74.CCCC 12.0¢C8 g.C
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PLCT | WENBER 2

CISTANCE

SECTION VECTCR

c.C
1.800¢
3.0CCC
4.5CCC
6.CCCC
1.5¢CCC
s.cCCC
1C.8¢CC
12.CCCC
13.4cCC
18.0CCC
1é6.5¢CC
18.CCCC
19.35¢CC
21.CCCC
22.5CCC
24.CCCC
2%.5CCC
27.CCCC
28.8CCC
3c.0ccCC

PLCT 2 MEMBER 3

OISTANCE
SECTION VECTCR

1 Q.

2 l1.5¢0C
3 3.cccC
4 4.5CCC
S 4.ccCC
] 7.5CCC
7 S.cCCC
‘8 1C.%CCC
9 12.CCCC
10 13.5CCC
11 15.€CCC
12 1¢.4C0C
13 18.cccC
14 19.5¢CCC
15 21.ccCC
16 22.5¢CCC
17 24.CCCC
18 2%.5CCC
19 27.cCCC
20 28,.5CCC
21 3c.occc

ALCT 3 MEMEER 3

CISTANCE

SECTION VECTOR

0.C
1.5¢CC
J.CCCC
4.5CCC
8.CC0C
T.5CCC
s.CCCC
1C.5¢CC
12.0ccCC
13.5C¢C
15.ccCC
lLe.2CCC
12.cCCC
16.9CCC
21.0CCC
22.5CCC
24.CC0C
25.5CQC
27.CCCC
28.5CCC
20.00¢CC

PLCT 4 MEMBER 3

CISTANCE

SECTICN VECTCR

c.C
1.5C0C
3.Cco¢C
«.5C0C
é.cCCC
T.5CCC
§.CC0C
1C.5CCC
12.¢cCC
13.8¢cC
15.CCCC
1e.%ccC
18.0CCC
15.4CcCC
21.C0CCC
22.°%¢CCC
24.CCCC
25.4CCC
27.C0CC
2e,5CCC
3¢.CCCC

FORCE ¥ OIAGRAM (CAC L
FORCE ¥

~57.8142
~24.8142
~51.3142
~48.8142
-42,8142
~42,8142
=39.8143
-20.2143
-17.8143
=14.2143
-11.8143
~-8.8143
-5.8143
-2.8143
c.1257
3.18¢7
6.1847
S.128%7
12.1827
15.18%6
18.18%6

ROMENT T OIAGRAM LCAD 1
MOMENT 2

-8%6.CC34
-771.532¢C
-691.5603
-616.0891
-545.1177
~478.6468
-416.£753
-367.2026
-328.2322
=-313.7610
=293.7866
-278.3181
~267.3467
-260.8752
-258,5033
~261.4324
-26€9.46C7
-279.90893
~296.C176
-31¢&.%461
=341.2747

FORCE Vv DIAGRAN LOAD 2
FORCE ¥

-16.4177
-14.4177
-14.4177
-14.4177
-14.41177
-14.4177
-l4.4177
~14.4177
“14.4177
~14.4177
-14.4177
-14.4177
-14,4177
-14.4177
-14.4177
-l4.01 77
-14.4127
-14.41177
-14.4177
-14.4177
-l4.4177

MOMENT 2 OIAGRAM LCAD 2
MOMENT Z

~-C.CCC3

i1.62¢€2

43,2528

€4,2754

86.5C9%S
1C8.1325
129.7¢39
1¢1.32355
173.0120
164.¢384
216,251
227.8917
259.5181
281.1445
€2.7712
224.128577
346.0244
167.65C6
389,2171
41C.5038
422,52C)
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PLCT ENVELCPE FORCE Y

PLCT 1 MEwAER 3

CISTANCE

SECTION VECTCR

c.C
t1.2CCC
3.0CCC
4,%C0C
4.0CCC
7.2CCC
$.0CCC
1C.8CCC
12.0CCC
13.2CCC
19.cCCC
1e.2CCC
18.CCCC
1§.2€CC
21.0CcC
22.4CCC
28.CCCC
3%5.4CCC
21.¢CCC
2e,4CCC
3c.CCcC

PLCT 2 MEmpcR 2

CISTANCE

SECTICN VECTCR

1

C@BuGRNLs N

c.C
1.9€CC
J.Ccce

4.9CCC

s.CC0C

7.4CCC

s.cccc
1C.2CCC
t2.cCCC
13.4¢0¢C
19.CCCC
16.35CCC
l18.ccCC
16.9¢CC
21.c0CCC
22.5CCC
24.CCCC
25.%CCC
21.0CCC
2e,4CCC
2C.CCCC

FORCE Y

FORCE ¥
PAXINUN
-14.4177
-14.4177
-14.4177
-14.4177
-14.4177
-14.4177
- 14,4177
-l4.4177
~14.4177
~14.4177
-11.8143
-8.3143
-5.8143
-2.8143
0.1827
J.lee7
6.1847
9.1897
12.128¢7
15.1828
18.1826

MOMENT 2

MOMENT 2
axiuye
-C.0CC3
11.62¢2
41,2928
€a. 8754
2e.5CeS

1C8.132¢

129.7%39

191.29459%

173.8120

154, 6286

216,2691

217.48917

289,512

2811448

1€2.7712

324.2977

J48.C244

187.65Ce

389,2171

41C.5C29

422,%3C?

MOMENT 7 MEMBER 3

ENVELOPE

MINTPUN
-57.8142
-54,8142
-51,.2142
-48,2142
45,2142
-42,8142
-39,2143
-20.814)
-17.8143
-14. 8143
14,4177
~-l4,4177
14,4177
-l4.4177
-14.4177
-14.4177
-l4.4177
-14,4177
~14.81177
-l4.4177
~14,4177

ENVELCPE

mINTPUM
-8%56.CCI6
~171.95320
~491,.560%
-6l1é.C261
-%545,1177
~478, 4643
~416.£7%)3
-347,2C38
-118,2322
=313, 761 C
=291, 1456
-278,2181
-247.3467
-26C. 8752
-2%38.5C39
-781,41224
~268,46C7
«279.5893
-296.CL76
-31&, %661
=3el. 0747

$ 14T 62
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20®

3.8

Plane Frame With Nonsvmmetrical Memper Cross Section

in Figure
with:

To illustrate three additional STRUDL commands con-
sider the Plane Frame Structure and loading conditions shown

3.8a thru 3.848 below.

(1)
(2)

Joint Fixity

Temperature load - axial

These commands are concerned

and bending

(3) Inte;nal member stresses for a nonsymmetrical
section.
Y Global
- 34
B —t g | 10
2 4 5 1"'::

—— X Global

Fig. 3.8a
_ SECTICN PROPERTIES | SECTICN PROPERTIES
{'10 15.3 MEMBERS 1-5 MEMBERS 6-13

ol e el A, = 12,447 12 27
;T. +C.G. @5 £ ind
: I, = 285.6 in A = 7979
E \ E = 29.000 ksi X L,
é‘ 12 21 S, tropy = 701 in? g = 204.1 in®
- S, @on = 37.0 in? S,= 34.1 in?

SECTICN A-A Z

Fig. 3.8b
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28 344, 2‘ 1.7"

|
X
o je ] M 1Y 17/ | S
LOADING | LOADING 2
Fig.3.8¢ Fig. 3.8d
y
A

/‘AT=12 Units

TL & "’X
\AT= 1.0 units C.G. Members 1 to 5

LOADING 3
Fig. 3.8e

LOADING 3: Members 6 to 13 subjected to uniform
temperature change of 1.0 units.

LOADING 4: Combine 60% of LOADING ONE and 125%
of LOADING TWO.

LOADING 5: Combine LOADING THREE and LOADING FOUR.

Using the global coordinate system and the dimen-
sions shown in Figure 3.8a, the commands through line 0140
call the STRUDL subsystem and describe the structure gecmetryv.



USLng the global coordinate system and the dimen-
sions shown in Ficure 3.8a, the commands through line 0140
call the STRUDL subsystem and describe the structure geometry.

STATE OF CALIFQANIA - SUSINGSS AND TRANSP CATATION AGENCY -~ OEPARIMENT OF SUBLIC POAKS - OIVISION OF AOMINISTRATIVE SERVICES

’ Lo 2008038 gpe)
COMPUTER SYSTEMS 3| 'd . oisT_crous

ICES s/ L7 T

6e s s0 87 45 80 70 71 72

e (o] s e v e, | et ] o
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s X /2. Y12, | i : U U SO | QL4
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7 {28, | | I ! 1 N 272
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JATAT 22 EASES |
Y FReCzs X TH/ )

T [T 2
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The commands on lines 0150 thru 0170 describe the
£ixitv at the support joints. Figure 2.8f below illustrates
the details of joint 1.

Member 6
X

gl , Member 10

: . > X
L comes out//gggé;i>

Fig. 3.8f

-

(e8]
!
ul
(V)



In crder to release joint 1 and allow it to
translate along the inclined plane, a THETA angle must be
specified. Here we use TH1l to specify the orientation of
the release direction, X", with respect to the global X
axis. The positive direction for TH1l is determined by
applying the right-hand rule to the global Z axis. 1In this
case the positive direction is counterclockwise. If we
turn the angle counterclockwise from the global X axis, the
value of TH1l is 180-20=160 degrees.

Figure 3.8g'illustrates the details at joint 9.

——»‘<

Member S

Member 13 Joint 9

Fig.3.8g

Althouch joint 9 is located on an inclined plane,
a THETA angle is not reqguired because the joint is released
for Moment Z only and no translation is allowed.

The member topology is described on lines 0180
thru 0310 orienting the local X axes of the members as
shown in Figure 3.8a.

A R D !
ﬂsggfwcwm.lm ;
____Z_Aj. I .

§

78 ST WEeT = AA/.MM&VZ = R DU B R | I
A <r»4£r/vw¢wr; RS DU N IR <
R R T R N DU T B R B

3-54




Lines 0320 and 0325 describe the fixityv at the
ends of the members. Members 7 and 8 are pinned at both
ends; therefore, we release Moment Z at start anéd end. 1In
order to obtain the fixity of joint 1, shown in Figure 3.8f,
we release moment 2 at the start of members 6 and 10. These
members are now free to rotate at joint 1l; therefore, the
joint will resist no moment and it is also free to translate
along the inclined plane. 1In addition to the way we released
the moment at this joint, there is another way we could
effectively accomplish the same thing. Using the joint
release command, we would release moment Z as well as force
X. Then using the member release command, we release the
start of only one member at the joint. Following is a list
of release commands that would be used for releasing the
joint in this manner:

JOINT RELEASES MOMENT 2

1 FORCE X THI 160
9

MEMBER RELEASES

7 8 START MOMENT Z END MOMENT Z
6 START MOMENT 2

Since there are only two members framinc into the
joint releasing one member as well as the joint in effect
releases the other member. When a member is released, a
hinge is formed an infinitesimal distance from the joint;
therefcre, if we were to release both members as well as the
jecint, we would create an unstable ccndition.

T | T [ | ! | | e ' -
L L —— i
(77 TACHES JIES I N B D DU U, DU D27
cﬁli,ZEJﬁRJCS:ZJ*u_céijm%44 S »| . ’ ’ Qé
| 178 AX Y2 44 IZ 952 SZ 7O/ . ! ! L =
e 72 /3 AN 2.92 IZ 7[4/'9234/ | | | W 244
b TR T U T S IO «
Note that for members 1 to 5 the section modulus
civen is Zor the top fibers of the compcsite beam. The
internal member stresses optained initially will be for the
tor fibers only.
Since members 6 to 13 are syvmmetrical 2bout their
centroid, the section mocdulus given is £or zoth tecp and
tottem fibers.
r b huinamainaiindebsns i 2 ‘—T _—— - —_ I’-‘ —_— -— - ——r "'"“
e e e e il b7
bz znZ LA A5 ATTC L ST G T e .
/. TBE XD L2 20 Y2 4‘ 2/... e _ | — 2
AL i ! ! ! ! : N AR
__‘h4&:ZJ_Zﬁ_//”¢<th5315.a.__f — : I S S § B

T , { ! | G




Since we have a linearly varying temperature load,
the member depths must be given. YD is the total depth of
the member measured along a line parallel to the local Y
axis. YC is the distance from the centroid of the cross
section to the extreme fiber of the member measured in the
positive direction along a llne parallel to local Y axls.

- iyt

s . "

O TANTS 2%@9..,_/4 L1

The loads shown in Figures 3.8b and 3.8c are
described in Loadings 'ONE' and 'TWO' respectively. In
Loading THREE we use the Temperature Load commands to
apply loads shown in Figure 3.8e.

The temperature loading on this structure is
similar to that which might be expected to occur if the
top flange of the horizontal members were subjected to
more direct sun than the rest of the structure. The top
surface of members 1 to 5 are subjected to a temperature
increase of 1.2 units while the lower surface is subjected

3-56

N 4 247

VN e'e'0k . ALl o s

| :
The coeff1c1ent of thermal expansion is necessary

for solution of temperature loadings. The value shown was

taken from the BP&D Manual, Vol. I, and applies to a steel

structure with a temperature rise and fall of 60 degrees; v

there;o*e, it is actually the coefficient of thermal expan-

sion multiplied by 60. If the actual coefficient were given

the AXIAL value given in lines 472 and 474 would be 68 and

60 respeetively.

_ Notice the dash used in the command on line 482 to
continue the statement onto line 484. Note that continued lines
must also be numbered and also that the dash is preceded and
followed by a blank space.

N DN DR Bt RSt D S s NN B N P
Va7, R N N U DY BB EE77:
LOADING \DNE! I R B . T T HE

—__UDINT /BADINGS. . el i e

4 _FORCE Y ~2. RS B ] b 390

5 PRCE Y. =3, N . e Lo+ § 0_;1

" MEMBER LOADINGS _FORCE Y | A IR, - 177

mﬁf@m_éz_g¢a . U R '3.4:2"
Mmgrga L7 L A0 .. . P — P43
| DADING 'Twh . [ L AR OO Y I | 7/

WEHRERS /|77 A LOAD FORCE Y GLOBAL WNIEDRM = .75 T
LDADIVIG ' THREE N TEMDERATURE CHANGE' e N ; W7

. PErRER TEMPERATURE LJADS. .- - I )
/70 5 FRACTIONAL L4l G0 LA 1o AXTAL AJ?jLM/QIJCLE_.Q._‘rZ | H 477
¢ _T0 3 FRACTIAMAL L4 0.0 LE IO AXIAL /.0 g L H 474
TADIWG CCHARINATTAN ' £aud’. CTMBINE ' CME! 6 'TwBl /.25 R L 4z
[ DADIWGE CEMBIANNTION NEIVE'. COMRINE 'ONE! .6 ! [D/J_i_/ 25 | LR AR
Voo . . L n . 1 . ».._,-4_;.; 8 484
I U DU Lol R D Y I R




to an increase of only 1.0 units; therefore, there is a
temperature gradient in the local Y direction of 0.2 units
which causes bending about the Z axis. This gradient is
expressed in the TEMPERATURE Load command as BENDING 2

in line 0472. The average temperature change is 1.13
units due to the fact the members are unsymmetrical.
Members 6 to 13 are subjected to a uniform temperature
increase of 1.0 units.

1 | I | i I SRS B

i i ] ] i 3 1

L AT Lt LIST_ALL T» N USRI S N TN IO S DU - HL2
UNIZS LVCHES. ‘ ]

1
- —
' '

,0//(/"T DATA A

7.:1;5: WECS Léxfux_;l__.,_*_ : e -
LMITS CADTAMS | . ++‘___‘,____L .
CUTIU H,..QJA_&AA_-_-A_ ] —
LIST FZRCES LUC /Ews_,/?.asz’,wamm . '.
SEZ L.é.L.LLCa. A.C.L.fZ"/aL_.AS.,_G .,...2 l )
@L}S&nicmsr SSAS merese 2 L

A . U B

Line 0551 is the Section Specifications Command
and must either precede the Internal Member Resulis Command
(Line 0552) or be part of it. By listing the secticn spec-
ifications separately, it does not have to be repeated each
time an Internal Member Results Command is made. This state-~
ment sets the sections at which results are desired as
beginning at the start of the member and at each 0.2L interval
along the member. Results obtained by this output statement
are valid for top fiber only since the section modulus stated
previously applies to the tcop fiber

i | I | ] 1 ' | i T I S
z L | ' i SR S SUU N

PN | ! I} | !
CHANGES L ! SN S — —_
\MENETES /) TE A PRIPERTIES PRISMATIIASZ 7. L. . |
LIS e /’7’,"/‘1, OTOLRC IS MEMRID S | ' : i |
1 | l i L. ! | oo ’ !

After coing into the CHANGES mode and replacing
the section modulus for the top fiber by the one corresponding
to the bottom fikrer, we restate the Internal Member Resultis

Command (Line 0600) to obtain bottom fiber stresses.
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STRUDL '°PROB 3.8' 'PLANE FRAVE! $ 147 83 ocnl

ERERRRXEEX R XX AERE TR KRRk r ke kxR k ke wk

* *
* ICES STRUDL 1! VERSION 1 MOD 1 *
* ~ THE STRUCTUPAL NFSIGN LANGUAGE *
= MASSACHUSETTS INSTITUTE OF TECHNOLNGY *
* STATF NF CALIFORNTA *
* BRIDGF DEPARTMENT DIVISION DF HWYS, *
* SPECTAL STUDIES SECTION PH, 445-6519 *
* NOVEMBER 1969 INSTALLED APRIL 1970 *
* 17:15:41 6/26/79 %
* *
* *

kxR kxR xRk rkr Rk kkkr ke rk ke kkkkx

TYPE PLANE FRAME $ 147 63 no20
UNITS FEET DEGREES $ 14T 63 onan
JOINT COORDINATES : $ 14T 63 n04n
1 X 2. Y 0. SUPPMRT ' $ 14T 63 0cs0
2 X 0. Y 12, . $ 14T 63 0rs0
3 X 6. Y 6. $ 14T 63 0070
4 X 6. Y 12, ' . % 14T 63 0080
s X 12. Y 12, $ 14T 63 0090
6 X 22. Y 12. : $ 147 63 n1on
7 X 28, Y 6. $ 14T 63 c110
a X 28, Y 12. ' $ 14T 63 0120
9 X 2%, Y (0, SUPPIRT C . % 14T 63 c130
12 X 36, Y 12. _ $ 14T 63 nisn
JOIMT RELFASES ‘ $ 147 63 n150
1 FORCE X TH1 160 $ 14T 63 0150
9 MNMENT 2 $ 147 63 0179
MEMBFR INCINENCES _ K $ 14T 63 n18o0
12 4 $ 147 62 n1en
245 $ 14T 63 n210
356 $ 14T 63 c210
4 6 8 ‘ $ 14T 63 n220
58 10 $ 14T 63 2230
61 2 ' $ 14T 67 0262
736 $ 14T 63 n2sn
378 s 14T 63 n2en
a q 1n $ 14T 63 n270
1013 £ 167 63 n230
11 3 5 $ 1647 63 7290
12 6 7 $ 16T 63 0350
13 7 © % 14T 63 n31n
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MEMRER RELEASES
7 8 START MOMENT Z END MOMENT 2
A 17 START MAMENT Z
INITS INCHES KIPS
MEMPER DRAPEATIES ORISMATIC
1 TD S AX 12.44 IZ 295.6 S7 7.1
6 TD 13 AX 7.97 [Z 2C4.1 SZ 34.1
MEMIER NEPTHS PRISMATIC
1 TO S YD 12.2" YC 4.21
6 TO 13 YD 11.95 YC 5.98
CONSTANTS E 29C77. ALL
CTE .n0n3a ALL
UNITS FEET
LOADING *ONE?
JOINT L3ADINAS
4 FIPCE Y -2.
S FORZE Y -3,
MEMBER LOADINGS FI2CE ¥
3 CONCENTERATED P =4,2 L 4,0
4 COMCINTRATED P =1.7 L 4.0

LNADING *TWO!

MEMSERS 1 TJ S5 LOAN FAPCE Y GLASAL UNIFNRM -, 7%

LOADTNG 'THREE' 'TEMOEQATIIRE CHANGE!

MEMRED TEMPERATJIRE LIANS

1 72 5 FRACTIONAL LA 0.0 L8 1,7 AXTAL 1413 BENDING Z n,2

5 TO 13 SPACTIONAL La 2,2 LB 1.0 AYIAL 1.7
LOARING CAMRINATION 'FOJRY COMRINE 'ONF! 6 'TWOY

LOADING COMBINATIAN PFIVE! CIYRINE 'OMF' .6 ¢Twne
*THREEY 1,

LNADTNG LIST ALL
UNITS INCHES

PRINT DATA

1.25

1,75 -

14T
167
147
1aT
14T
14T
14T
14T
147
147
14T
147
14T
14T
147

147

147
14T
167
14T
147
147
167
147
14T
14T

laT7
laT

1a7

147

63

63

63

63

63

63

63

A3

63

63
62
A3
63
63
A3
63
63
63

63

63
63
63
63

63

n3a0

naenn

feln

[}
‘\
~N
Q

243"

nesn

2450

nasn

nae?

0477

476

rean

faR?
o EN

VA=Y
nean

rsin



SsNssatEEn .. seaseREONY
® PROAMLEM DATA FROM INTERNAL STORAGE =

stegse sseeenss: eSS esgs ey
JO8 ID - PRIB 3,8 JO8 TITLE = PLANE FRAME
ACTIVE UNITS = LENGTH WEIGHT ANGLE TEMPERATURE TINE
INCH 1314 DEG NEGF SEC
ssssnnssss STRUCTURAL DATA ssssasssss
ACTIVE STRUCTURE TYPE - PLANE FRAME
ACTIVE CNORDINATE AXES X Y
JOINT CNORNINATES !/ STATYS===/
JOINT X A 4 z CONDITION
1 9.2 0.0 0.0 SueePaaT ACTIVE
2 0.9 144,000 N.0 ACTIVE
3 72,000 72.000 0.0 ACTIVE
L3 72,203 146,000 0.N ACTIVE
b 144,000 144,200 0.0 ACTIVE
[ 264.00) 144,000 0,0 ACTIVE
? 336,007 T72.900 2.0 ACTIVE -
] 334,009 164,000 0.0 ACTIVE
9 408,009 LI 0.0 SUPPORY ACTIVE
10 408,100 144,000 0.0 ACTIVE
JOINT RELEASES JELASTIC SUPPDRT RELEASES
JOINT FORCE MOMENT THETA 1| THETA 2 THFTA 3 KFX XFY KF2 KMY [ 304
1 X 160.000 0.0 n.n 0.0 Can 0.0 0.9 0,9
9 4 0,0 0.0 3.0 2.0 N." 0.0 0.0 0. n
MEMBER INCIDFNCES===eecee~ee/ (FNGTHe=-===/  RELEASES ! STATYS==/
MEVRER sTaT END LOCAL CNOPD. START END
FORTF  MOMENT FORCE MOMENT
1 2 4 72.000 ACTIVE
2 LY 5 72.929 ACTIVE
3 5 6 120,000 ACTIVE
. 6 n 72.309 ACTIVE
L 8 12 72,009 ACTIVE
) 1 2 164,030 4 ACTIVE
7 3 4 72.0C0 ’ 14 ACTIVF
8 ? 8 72,099 b4 4 ACT{VF
9 9 17 144,000 ACTIVE
10 1 3 101,823 4 ACTIVE
11 3 5 101,823 ACTIVE
12 [ 7 101,823 ACTIVE
13 7 9 111,823 ACTIVE
MEMAER PRIPEITIES=wmc=a=
MEMBEQ/SEG TYPE SEG.L COMP  AX/YD AY/10 Al/YC xses IY/EY 12762 sy b 14
1 PRISMATIC 12,449 nen 0." 0.0 9.2 295,600 L} M.100
12.200 n,e 4,210 2.0 L% ] "0
H PRISMATIC 12,440 N n.? no 0.0 295,600 0.1 0,100
12,200 Nt 4,212 0.0 J.0 L3,
3 PRISMATIC 12.64C C.r n,I N,0 9.3 295,600 (AR Th.100
12.2°9 0." 4,210 N0 2.2 NN
4 PRISMATIC 12, 640 %G Ne? Ne .9 295.50N DN TM.100
12,200 0.N 4,217 0.0 2.1 .0
L] PRISMATIC 12,440 0.0 N n,0 3.0 295,600 n.0 7M. 100
12,222 0.0 ho210 L %.? 0.0
] PRISMATIC 7.970 0,0 2.9 2.2 N 206,12) .0 s, 100
11,960 He0 5.98% 0,0 NN n0
7 PRISWATIC T7.970 0.0 N0 LAY %N 2n6, 100 0.N 34,100
11.96C - f.f %.915¢ n.n 2.9 0.0
] OR[SMATIC T.970 n,n 0.9 L 2.9 206,13 foh 36,100
11,960 n.e 5.90¢ 2,0 0,9 [
9 PRISWATIC 7.970 0.9 AN n.0 n.9 204,100 N 24,100
11.969 0.0 %.980 N0 2.9 0.9
10 PRISMATIC 7. 970 [\ 1.2 0.1 [ ] 214,110 0.1 34,179
11,960 LYo 5,990 N.0 3.0 f,0
11 PRISMATIC T.970 n.¢ ] NN 0.0 206,100 NN 6,100
11.969 NN §,900 LN 7.9 L)
12 DIISMATIC 7.970 NP n.? NeN n.0 206,120 n.N 34,100
11.96C e 5,980 N9 0.0 a.n
13 PRISMATIC 7.970 a0 AN Y0 243 204,109 20 34,190
11,960 n.0 5,989 n.n 2.7 2.0
MEMRER (FONSTANTSmceccccncccnccncccanccnan B T T T LT 4
SONSTANT STANNARN VALUF NOMAIN, VaLUE MEMBER LIST
E 28999,996094 ALL
6 0.0 ALL
IENSITY " 0.901302 acL
CTE N.07039n AtL
BETA 0.9 ALL
PNAISSON " aLL
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ssesseases NESIAN DATA essscenseun

YSER OATA SFT

PARAMETER NICTIINARY /
NAvE TREATMENT STANDARD L “ A TEwd TIwE

STauUNL NATA SFT

DARAMETER NRICTINARY /
NAME TREATMENT STANDARD L L] A TEWD TIME
FYLD STANDARD 38,00 -? 1

(1] STANNARD 1.7

F3LTYP STANDARD 1.09

<nNnE REQUIED

[ 34 STANOARD 1,99

x2 STANNARD . 1.29

cs STANDARD 1.0

LY COuPUTE QOSTULEN

Lz COMPYTE QS TULEN

cuy STANDARD noas

(4.0 STANDARN 0, 8¢

UNLCF COuoUTE Q0STULEN

VALUES STANDARD 1.9

TRACE STANDA2D 1.07

pa10TA STANDAOD 1.00

TELNANM STANOARD STEELWF

wXTRIALS STANDARN 2%.00

SECNNARY STANNARD 1.0

1JSER DATA SET

CANSTRAINT DICTIOMARY cmcmcccanaee/
NaNE 9ETRIEVAL
STRUDL NATA SET

CONSTRAINT DICT [QNARY=mmmmmemaeaa/

NAME RETRIEVAL
[%4 TARNLAG
AY TapinL a2
[¥4 TAAUL AR
(B3 TASULAR
184 TASULAR
12 TARULA?
134 TARUL AR
k14 TARULAR
vn TARULAR
H] TARULAR
ELTX TARULAR
waTX TABIA AR
YI/AFL TARULAR
ay TAAULAR
Q2 TAAULAR
come TASIR AR
ve TARIL AP
144 TARUYLAR
dEIGHT TASHLAR

ssssssesss [ JADING OATA seesssssen

LOADING - ONE STATUS =« ACTIVE
MEWSER ANO SLEWENT LOADS

MEMBER/ELEMENT

3 CONCEN, LOAD FORCE Y P -4,200 L 48,001

L3 CONCEN.  LJAD FQRCE V¥ » -1.720 L 48,039

JOINT LIADS / - I

JOINT STEP FORCE X A 4 MOMENT X Y 4

3 0.0 =2.000 0.9 0.0 0.0 0.9

) 2.0 -3.000 0.0 0.9 - 7%-] 0.9

JOINT DISPUACEMENTS /- ’

JOINT STE?P 91s?. X Y l T, X Y 14

JOINT FIRCE ASSUMPTIONS -
JOINT THETA 1 2 3 FORCE X b4 b4 wOMENT X v

NGO ASSUMPTIONS SIVEN FOR THIS LOADING

MEWBER FJACE ASSUMPTIONS / /

WEYAERQ COMPANENT BISTANCE VALUE COMPONENT JISTANCE YALUE
MO ASSUMPTIONS GIVEN F3OR THIS LOADING
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LOAQING = TW)
(MEMBER AND ELEMENT LJADS

STATUS - ACTIVE

MEMBER/ELEMENT

1 UNIFONRM  LOAD GL FORCE Y FR W -0.062 LA 0.0 Ls 1.003

2 UNIFORM  LOAD GL FORCE Y FR w -0.062 LA 0.0 Ls 1.090

3 UN[FORY LOAD GL FORCE Y FR W -0.062 LA 0.0 Ls 1.000

L3 UNT FORM LOAD GL FORCE Y F® W -0.062 LA 0.0 L8 1.000

s UNIFORM  LOAD GL FORCE Y FR L] -C.062 Lta 0.0 L8 1.000

JOINT L3JADS ’/ /

JOINT STEP FORZE X Y Z MOMENT X A 3

JOINT DISPLACEMENTS I 4

JOINT STEP 0IsP. X v 4 ROT, X Y 4

JOINT FORCE ASSUMPTIONS

JOINT THETA 1 2 3 FORCE X Y b4 MOMENT X Y

NO ASSUMPTIONS GIVEN FOR THIS LOADING

REMBER FORCE ASSUMPTIONS / /

MEMBER COMPONENT DISTANCEF VALUE COMPONENT OISTANCE VALUE

NO ASSUMPTIONS GIVEN FOR THIS LJOADING

LIADING - THREE TEMPERATURE CHANGE STATUS = ACTIVE

MEMSER AND ELEMENT LJADS

MEMBER/ELEMENT

1 TEMPERATURE LIAD LA 2.9 L8 1.000 AXTAL 1.130 BENDING Y 0.0 14 0.200

2 TEMPERATURE LOAD LA 0.0 L8 1,000 AXIAL 1.130 BENDING Y 0.0 4 0.200

3 . TEMPERATURE LOAD LA 0.0 18 1.000 AXIAL 1,130 SENDING Y 0.0 14 0,200

4 TEMPERATURE LOAD LA 0.0 L8 1.000 AXIAL 1.130 BENDING Y C.0 2 0,200

S TEMPERATURE LOAD LA 3. 18 1.000  AXTAL 1.130 BENDING Y 0.0 4 0.200

8 TEMPERATURE LDAD LA 0.0 L8 1.000 AXIAL 1.000 BENOCING Y 0.0 4 0.0

T TEMPERATURE L3JAD LA 0.3 L8 1.000 AxtaL 1.000 BENDING Y 0.9 A 0.0

) TEMPERATURE LOAD LA 0.0 L8 1.000 AXIAL 1.000 AENDING Y 0.0 z 0.0

9 TEMPERATURE LOAD LA 0.0 LA 1,000 AXIAL 1,000 BENDING Y 0.0 13 0.0

10 TEMPERATURE LJAD LA 0.9 L 1,000 AXIAL 1.000 BENDING Y 0.0 14 0.7

11 TEMPERATURE LOAD La 0.3 L3 1,000 AXTAL 1.920 BENOING Y 0.0 z 0.0

12 TEMPERATURE LOAD La 0.2 L8 1,000 AXTAL 1.000 SENDING Y 0.0 b3 0.0

13 TEMPERATURE LOAD La 3.2 L8 1.000 AXIAL 1,000 BENOING Y 0.0 14 0.0

JOINT LOADS / /

JOINT sTEP FIRCE X v b4 MOMENT X Y b4

JOINT DUSPLACEMENTS - 4 /

JOINT STEP  DISP. X Y z ROT, X Y 14

JOINT FORCSE ASSU¥PTIONS

JOINT THETA 2 3 FORCE Y Y b4 MOMENT X A\

NO ASSUMPTIONS GIVEN FOR THIS LOADING

MEMBER FORCE ASSUMPTIONS / /

MEMBER COMPONENT OISTANCE VALUE COMPONENT DISTANCE VALUE

NO ASSUMPTIONS GIVEN FOR THIS LOADING

LOADING = FOUR STATUS - ACTIVE
COMAINATION GIVEN = ONE 0.500 TwO 1.25%0

LOADING - FIVE STATUS - ACTIVE
COMB INATION GIVEN -  ONE ‘N.600 WO 1.250 THREE 1.000

SESEARBNEESAELELS LA IR LRIV EXARCEQRNRR

« END OF OATA FANW INTEANAL STORAGE =
SEIBEEIALASETATELARAECLTAAXESEANEERESE SR



STIFENFSS AMALVSIS 147 63 G529
~
UNTTS RANTAMS 167 A3 n530
WTOUYT DFCIMAL 4 14T 63 ns54 9
LIST FP2CES 2FACTIANS DISPLACEMFEMTS 14T 63 ~&5"
SRESULTS OF LATEST AMALYSESS :
TSS9 ¢ESES eSS AsuduTERAY
PROBLEM = PROB 3.8 TITLE = PLANE FRANE
ACTIVE UNITS INCH KIP RAD OEGE SEC
ACTIVE STRUCTURE TYPE PLANE FRANE
ACTIVE COORDINATE AXES X ¥
LOADING = CNE
WEMBER FORCES
wEwSER  JOINT ’, FoRCE nONENT ’
AXTAL SHEAR ¥ SHEAR 2 TORSIOMAL BENDING Y SENOING 2
1 2 0.5513 3.4581 79,3924
b . ~0.5513 ~3.4581 169,589
2 . 2.5513 1.59%52 ~«169,%5896
2 5 -0.5513 ~1.39%52 284, 4429
3 s 202609 1le2118 -424,9231
3 s -2.2609 2.9382 267,9348
. . 0.7638 -0.9028 ~178. 7478
LY ] -0.7638 2.6028 T2.9473
S 8 0.7638 -1.8319 «72.9473
s 1o ~0.7638 1.3319 -58,9495
s 1 3.4581 -0.5513 0.0000
s 2 -3.4581 0.5913 -79.3924
7 3 0.1371 -0.0000 ~0,0000
7 . ~0.1371 0.0000 -0, 0000
) ? 0.7709 0.0000 0.0
s 3 -0.7709 ~0.0000 0.0000
3 9 1.8319 0.7638 $1.03%%
9 10 ~1.8319 -.7638 58,9496
10 1 3.1560 0.7383 0.0000
10 3 -3,1%560 -9.7383 TS 1787
11 3 3.0%90 Qe 6414 -75.17%7
1 s -3.0590 ~0.6414 140.